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INTRODUCT ION. . . • 

i • r % ^ • 

Why is it important to assess whether -supply arrd deij^nd-are or. will be in • ^' 
' (. • ^ ' * . ' 

fairly good balance over^some period in the fu.ture? THis-kir]d of information is > ' 

helpful to young people ^trying 'to plan their educations^toward pa'rticulcir careers;^ to 

scientists and engineers alre^ady at. work Innhe laboi? force who neW tb knoW' where^* 

changes in 'balance are likely to (fccur; to cojleges anci universities and other training 

institutions; anti to the employers 'of sct^enti sts and engineers.' ' ^ * 

Young people thinking about career goals waftt "to* know, wfiether there are, likely 

to b'e opportunities in science'?ind engineering fields, *ahd^ in general, wh5t areas of 

science or engineering are most likely to need significant numbers of new entrants* 

.While no one would advise young people to. choose career solely on the bcisis of fts 

apparent job opportunities .at any. particular time\ this information hel'ps^'them to make 

informed decisions when added to such'otlier information as personal aptitudes and* 

^ ' " ' > * . * ^' 

interests, opportunities far education, and -rfi 11 in^neSs .ta spend lo"^ periods of timp / 

^ . ** 
in preparation 'befwe mov.ing'into the world of workV * . . • • ^ ^ i ^ 

, - Scientists and Engineers who become aware that the fie\d in which they are 

working is getting over-crowcTed rn^y^wish to examine p^ri^heral fields in which oppor- 
tunities may be better in^he, near fciture,^and* s*tart preparing themselves to make a 
shift at the most advantageous time. Those^who do .not take advantage%3f opportunities • 
to look ahead may be total ly. unprepared*to fa^ce a job shift if one becomes n4cessary, 

Colleges arvi universities ntust p^lan '^Jiead in developing faculty /Ideciding 
what c-ourses;to teach and pr^ep^rjng for the number of students' that" wi 11 wish to under- 
take particular. curricu|^ms.^**Such planningo's helped wh^n informatyop is' available 
on the job market a few^years ahead'. ^ ' . j ^ t • 

^ Employers of scienti sts -anji ^eng^neers , including^ the xol lege? and universities 

tha^f train them, Reed .information about potential shortages or surpluses of scientists 
and engineers as a part of -t/ieir long range pla-nning. if fhere appears to' be a shortag^ 



of engineers for example, an indivixiual employer mi^ht v^sh to take, steps, to encourage 

those al»>eady in his empToy to stay, there, or to see tftat cTpportuni ties for an 

< • ^ ' ' ' , . ' ' \ • * ^ / ' r * • 

engineering 'education are offered -to young people'in hi s ,communi^ty who might nbt other- 

wise be "able to undertake such education. ^. ' * ' 

. The kinds of information needed by e^ch of these iadivtduals ^r groups* may be 
differentnrt its level of sophistication, but^nowUdge of the general trends ..is ^ ^ 
impo^'tant for ''each of them. • ^ " 

Assessing tHre future is difficult in ^any 'area', and particulaHy difficuH when- 
trying to anticipate how well the needs for >par1;icular kinds of tcai^^lng will* match'witH 
the number of people framed in a period that niust be at least fQur years. and usualj/^ 
ei5ht to ten years ahe'ad. Th^re are a number of unknown factors in the. equation needed 
to make such proji^ctions , and* some assumption must b.e made for -each. 0/ these linknownls. 

Making an accurate model to predict whet her ^.siipply and d^ma-nd will te in 
balance at soma period ,irt the^future requires making an>assumptio-n about^what ^oung / 
people of appropriate age to tjegin their training may de^ctde to do, and t>ifiPlJ^sis on 
which that decision will be made; the level of f uhding^hat 'wi 1 1 be available from any 

and.all sources to pay salaries to the ^cienti sts and engineers 'that v/ill be 'seeking * 

*• * < * * ^ 

jobs; and\haw each of these will affect the other. ^At present", there are-' no perfect 

: ^ ^ 

pred-ictiVe models, or even' any thafh^\Ae consistently worked well in the past. 

1 , " - . ' * ' ' ^ ' 

Sevaral ki>\ds of models are used. One of the major methods is to pr/)ject > 

what has happened in the past into the future. Ih&re.are any^number of variables that 

can be used'within tliis'kind of trend projection model, including giving heav-ier 
» ^ - t 

'weighting to. the most recent. time per.iod invol^ in the projection ,^or 'weighting for** 
other factors ^u^ch as an expected increiise in the participation of^omen in are^s where 
they have not previously- been engaged in Jar^e enpugh numbers to be significant. The 
simplest trend models of supply use bask de*mograpbic i nfarnratiOD (such as the number of 
young people who will treach a particulai^ age such as 18 or 22 in any year' ahead) ;'^ making 
the assumption Ihat^the behavior of, this group will be similar to the behavior- of .young 
persons in a previous period in ^erms of the profj^rtion that will choose to enter 
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V . . • - 3 - '•• ^ ,. , . • 

"science and engineering, and thereby estimating' the supp-ly of new entrants over s6me * 

.J • ^ . ' ^ ■ : . ^ \ 

- particular period of time in the future. This nunjber will be added* to the' present supply. 
Usiqg availabje demographic data from the past, such a* model will subtract 
appropriate percentages each' year for death and retirement, emiiiration ,*and transfer^ 
to other fields. The result will -be an esti-mate of the number of persons who shouldf be 
available and trained any particular point in the future. Extra weighting may be' ^ 
given to recent(years , or it may not. Suc>i trend models have sometimes worked well in 

^ ' ^' • ' ^ V*^ ' * ■ ^ 

the past, and sometimes badly.. Trend models may give poor results if "that trend * • 
» ** ^ ■ - * * f. • • 

reverses direction or ev?n slows or speeds the.'rate^of change. Jhis.has happened in 

' some inst^inces'^for projections niade oypr the* pcist five years. 

, .One way of projecting fjture demand is to ask the plans of a number*'of persons 
who ought to hat¥a^ome expert knowledge in the field, and coraMiTTng^ese responses to 
compile a^statistical forecast. For-exanjple^. if a la/ge number of employers ape asked \ 
about ttieir plans for hiring more scienW^ts and engineers Wer -certain periods of time 
in the future, a^nd their'^ responses are^aggre'gated , a picture^will emerge oT the numb&r 
of scientists and engineers' who a-re likely to 'be hired if ,pl^s do not change. ^ Of' 
course, plans do" change, and if the plans of a number of participants change ^n the 
same d'irection, the.estimates^will-^fail substantially to-meet the reality. 

Projectiohs' of demand sometimes are made by e.stimatjing a'"value for some faq^tor , 
such as the Gross National Product, _and assuming thet some proportion of the GNP' can be 
translated into jobs fof scientists and engineers. ' - . ' 
* ' - Still other projections are bas^d on an effort to predict how much funding 
will be applied, to solve a particuUr problem such as protecting the environment or 
working toward energy independence', fhis^kind of projection ^s^ot^particularly usefu'l > 
in determining total manpower^ demand for scientists and engijneer^ unless many other, 
.problem sectors arlso ar^ projected at the same time and with the iame set of basic 
assumptions*. ' - - , * 

For some purposes, it is more useful to anticipate how many chemists or how 

' many electrical engineers may be required to fill the available jobs, while in other 
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instances -the br'oader .'ca'tegory of "sciervti sts" or ^"engineers" is'similarly useful-. 

In every case ^ when projections, for the future are made, some assumptions 
must be made 'about bpth present and future factors tfrat will affect the supply of or ' • 
thl 'demand Vor scientists and engineers. * Tiie projections themselves may affect the. 
outcome: F^r ex^nrpje;, when high demand is projected for a particular at^ea, more stO- 
deats will enroll in programs 'that will prepare them for those' job's, Nlore importantly,' 
students who- are .selectin^'study fieTd3 tend'to react to a' present emplo'yment niarket . 
eyen'^when they cannot a-ffect that market for fotir or more years. Thus, when engineering 
employment i^ high, fresh(nen-.engineering,enrollments.rise. , When, new graduates hah 
d^fffcul^, finding positions, freshman enrollments drap, thus producing a smaller class^ 

four yea? s later^ - ' ^ ^ 

Since the assessment'of "future supply ^nd demand is SQ^diffi^uU, and since ^ 
the projections that-ar^e made may turn out to be wrong, it might seem that the process 
of attegipting to project supply 'and demand is not worth the time and effort required. ^ 
However, projections are amorrg the topis necessary for planning. ; . , , 

Right or'^wrong, such assessments, if ^i ven ,\^\despread ^puMKi t> ^ can change 
J:he Varameters i5^i*ifluencing-the actions of p6tential studer>ts, emplayer^s, agd' training 
Institutions. ^Some of these infl^enres are inadvertent, but some are meant ,tC) change 
the outcome. For example, the aojou^'^of support available^to assist students obtain 
training in' science and engineering can be modified tOv*increase or decrease the avail,- . 
* abH manpower a* few years- later.- In the past, since* mostZ-projections indicated a, 
shortaae of trained people, this ^^as usually meant an 'irtcrease in support for the 
training af scientists or engineers. In the futjjre, at least JORie of the effort may 
;move in^the opposite direction. For. example^ a recent Nattonal ^Re^earch Council report 
on the need for biomedical a^nd behavioral ^sciehtj^sts indicates that some surplus of 
•trained persons already exists and recommends i'hat: support for predoctoral iTair>ing in 
^some instances should be reduced. 

Forecasts. af pyer-'or* under-supply are among factors used by training insti- 
tutions in decidi/ig whether^tb add or drop particular programs/ Recent projections of 



over-supp'ly at the doctorate level have been cited among reasons for dropping doctorate 

programs -^at a number. of state-supported schools, ' *' » 

Even though the art of forecasting, presently isM'nexact', aind indeed "some- 
4 ^ . ' ~* . 

.tirnes^ grossly "r-n error, fqreoasts, should he made 'because, they are needed for planning 

puifiDoses. They also, should be monitored on a^reoular basis and adiiistmpnt<; made. when 
change is indicated, <^ ^ . 

/ . . • ' RECENT SDPPLY/DEMAND IMBALANCES ' . ' ' ' 

Beg*in'ning_ durina Worldjid^ar 11, ancT continuina^urjtvl ^he' end of^the 196P's. 
technological ^dvancementss^f t-Jie United States moved' at a rate which not only allowed 

for^the utilization of almost all^^the scientists and engineers who had been trained.,_^ 
« 

but also displayed a voracious appetite. 'for more. ' There were chronic shortages of 
Sertain kinds of scientistsNand engir>eers through the middle fifties, and great efforts 




were made to irrcrease the number of. persons trained in those areas, both for traditional 
.activities and'for such exotic programs as space exploration. ^ By the middle sixties, 

\ 

t-hese effort-s in the form of* scholarships and fellov^ships and G.I. educational benefits, 
coupled with a rapid, increase in the proportior^of young people entering' higher. Education, 
had resulted in a substantial increase in" 'the number of science arid engineering graduates. 

Unfortunately, these programs were set in motion with the assumption that 
shortages would continue indefinitely, and ncf long* range plans f9y* assessing continued 
need for such programs vyere formalized. 'Thus, i,n 1967 , when bu^get^ for the space program 
hiftheir peak^ young men (and aVi occasional woman)'were still' pouring into t\ie bottom of 
the educational pipeline to prepare for careers in aerospace engineering, and indeed in' 
all fielfls /F engineering-. Even by 1969, when^ budget figures for 'spacie and other . " . 
-programs were dropping s^^adtly, freshmen engineering e'nrollments were still holding at 
about 75,000 entrants, a,l though a small drop had occur^d.- This meaot that tfje 
graduating classes of 1 970 through 1973 would be aboutt43 ,'000 f er year*. 

Even as the space progr.am continued reductions in 1 969, the economy began to ^ 
filter following ye^ars of inflationary guns-and-butter budgets,, and industry as well as 
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government not only reduced hiring 
sabstantiaHy but also began large layoffs 
-of engineers and scientists. By'1S7l , the 
unemployinent rate* for these highly skilled 
persons had reached 3'^ (Fig.l) even a$ 
• record classes of new graduates at Sill 
degree levels pogred put qf colleges and 
universrities to fewel 1 -theirf ranks. "Under- 
' employment ," always difficult to measure, 
probably affectf^rt least as many 
scientists and Engineers as were unemployed 
and seeking jobs. The^e two^ groups werfe 
augmented by a thrrd group, on wKom'no 
i I 1 Ml accurate data ex;ist - those, forced' into • 



Fig-, y 



^73 75 76 

early retirement in their ^^ifties and . 
early sixties ^ often with >ittle or mo pensipn-rfghts . " ■ ■ ^ ^ ' 

While most em'ployment^^eetgrs faltered, employment in aerospace stuflibfed down 
hill at a rapid pace, ^stok'i^ out* aot only the deadwood, the partially qualified and 
^the upgradsi-engineers who had been hired in earlier years when aeronautical engineers 
co.uld^not be trained fast'enough to fill tbe demand, but also the highly trained, 
rigorously skilled special ists'of the spa<:e age who fcSad made possible Meal- y\rm^trong 's' 
Vgiant step for mankrnd." With thefh went whole support teams, honed to a fine edge to 
*wprk together tQ* reduce the imposs4 bl'?? to the diff icul t^ \* 

Some of these jobless 'mert V/ou Id have had reemployment difficul ty even in^^ 
steady employment market. Some were not fuljy trained engineers to begin, with, antl 
while they had learned^ some particular engineering function, their training w3s often 
. not readily, transf^rrable to anftther engineering Setting'. But some, of them were' the ^ 
cream of the engineering crop. Their r^eemployment difficulties stemmed non5nlj^from 
a general job shortage but^also from three other factors: unwillingness to rel^ocate 



(with'concomitant loss in selling ttieir homes, etc.); high salary requirements, to match 
What they had been earning; and in the case of ^the aerospace engineers, a ;^eputation. 




that'm^y or may no.t hav^ been deserved for having no understanding of 'the necessity of "7 
cost accouirti^ng,. Industry, req]jtired by its nature to show'a profit, was often un- 
win ing to -hire rhe^e specialists accustomed to worki^ig with almost unlimited government 
funds. 

.By late 1973^ em^To^miejit ha-d r-ksen [and unemployment dropped -among scientists 
' ^ind engineers, but the trend, rever^e^^ again in \975, and unemployment ^rates have. con- 
tinued to be a pfoblem^ in ,1976, although riot to the degree that occured ir> the T971 
recesston, Of course, ^ese rates are low»cpmparpd to toia^ unemployment^rates . ' ? 

T ^ Meantime, a residual effect in attitudes hds'become app^r^nt and science and*' 

. " / ^\ • . ' ' • . ' t 

engineering professionals* have beeh ^iwakened to the Seriousness^-of over-supply problems . 

■ ' - ' ' ^ ^ 

Even those whose jo^ have *not been direcay^hrfeatened have felt threajtened, and those . 

. * * ^ ' * , • •. 

who have learned through- bitter experience that employment stability and governm'ent - 

contract work ar4 sometimes incompatible, nave becawe increasingly voeal . Beginning ^ 

in -1971, tfie character ''of professional .society ni§etings changed . " Disnupt^s - not only 

the studeht generation but' angry men ^i«n thfeir, fpcties - broke up meetings and demanded 

microphones: They alsa'talked to their children a*nd tit^ir'neigjibor 's children and were' 

persuasive in their arguments t;hat en9ineering. and physical sciejic.e offered -little in 

return for long.and'.ditf icyl t college -preparation. ' ' ' " . - 

Newspapers and magazines, too^* picked up the stories of cab-driving engineering 
• * * ; . • ^ ^ * C " - * 

graduates and aerospace special jsts selling real estatb*. This was'news because it was 

unusual. .It ma'de good ,/eature storied,. * , * Ai- ' * 

^ At the seme time, sciehce and technology were getting a bad image witt\ young' 

people because of a perceived relJ^'onship to an unpopular war and-'^to environmental^ ^ 

degradation.. The high school class of 197V could hardly remember a time when the United 
i ^ • * .. ^ ' . *^ • . ' . 

States had'not been fighting in^Vietnam, and they had watched that viar through their ^ * 



television screens. Tfieir vievTof'-'teth^riology was hi gtily- colored by the horrtyrs of 
napalm, defoliant -orange,^ and sophisticated bombs *1jhat could npt-differentiate 



combatants from civilians. / , ' . - - ' » 

".These young people also were the first generation to be broa'dly awaf-e of 'the^ 

dangers^ of .environmental polutibn.. They bUmed t-echnology, and few of them recognized 

that the application of responsible. technx)logy wa% the\only wdy to repair past damage 

and to maintain the planet's habi tati 1 itv. 

Both t'hese idealistic youn^^ peop.le and many who soi^ght^mor^ materMal istic 

rewards in a career, such'as prestige, h'iqh salaries, and job ^security ,,expres,sed ; 

- ♦ * 

.their frustration -vyi-th scfence and fecKnoloay -when, in' the freshman class ,of .1971, 
engineering enrol Im^nT^dfopped -fronJ 7j ,500 to, 58,500 in one year\ ""Eprjollpents' in' 
physics, mathematics and chemistry al so dropped , despite increases in enrol Iments 
in- all other fields*. ' ^ . . 

This aoti-technolo^y focus .began to blur in 1974,''and by the fall of t976, 
when job opportunities *for engineering graduates continued to be much better than for 
.graduates in any other field, enrollments in the freshman engineering class were back ^ 
to the level pf the middle sixties. 

. ' - One other major change that occurred in/the first half ofXhe seventies vlas the 
new emphasis on equal opportunitfes. fdr women Vid for minorities, and especially in 
professional^ areas such as engineering where their repres'entation has been negligible. 
"Between fall 1959 and fall 1975, the number of first-year women in Engineering school 

increased an astonishing 470 percent, although women- were sfill only 8,. 9% of the 

^ \ ' *^ 

freshman class of 1975. The.^314 black .engineerin^rgraduates of 1969 more^,than doubled 
♦to 734 inM975, although the proportion'^of the -total that is black remains under two 
percent. .Women and probably minority members wi'il continue to enter science and 
engine^ering in increasing'.proportions , and' this change wilT'need to 'be considered in 

projecting future supply. • ^ \ ' c 

- ' SUPPLY ; 4 , ^ ' , 

• The science apd engineering manpower pool is made up of persons alrea;j^y 
trained and in the labo? force with new additions and subtractions constantly occurring. 
Persons are lost from this pool by deatff, retirement, and transfer but of th^se ^ 
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professions. ^Persons-are added in foUr ways: by the input of new gra^duates at , all* 

'degree .levels;; the inunigration of^ previously trained scientists and .engineers from 

* / \ l« ' ' • ^ 

^ other countr'ies; the 'transfer fr:dm other related disciplines; and by "upgrading."" This 

lajfter process usually results from on-the-job experience, but sometimes it happens 

just because qualified entrants cajinot be recruited. -Thus^ the "upgraded"'entrant, 

particularly \n engineering wherfe he is a inajor component of the engineering workforce 

in most statisticc^l data, may be qualified oo-ly within narrow limits. 

New graduates I . , ^ 

! The entrance of new graduates is the least difficult segmenf to project, at 
* * • 
least over a short r^ange" of years. In engineering, for example', we^can begin the ^ount 

at the.freshman year, and in* the sciende&i where a graduate degree is more fikely to 

represent the professional entrance level, studSes of -junior year enrollments- and . 

• - - • ♦ 

trends provide the beginnings of a data base from. which to projecf 'degrees . ^ 
« _ ■* 

Over the Rast several years, as more hnd more students have entered the 
nation's institutions of higher 'education , Including its gradtiate'' schools, enrollments 
in the physical sciences and engineering have^fal len both as a percentage of all , 
students,, enrolled and, in the past few years, in 'actual- numbers (Figs. 2, 3 and 4). 

* As psrcent of all ba«hefor's degrees ^ 



Bachelor's and First Professional Degrees 
In Science and Engineering. 1959-60 to \37k^7S 
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As 'a percentage of all bachelor,^ s dggrees*J9ranted, the combined to^taj of those jn 
physical sciences and .engineering fell from ^0% in 1950 to, 14^ in 1960, tQ 8^ in 1970* 
and ta7.2% in W4-75 ^FSg.;5'). ^Current projectioos by the NatiorVal Center; for, Educa- 
t'iorr statistics indicate abc^t the same proportion in 1985. At- theT master's level, > 
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I 



Clolo^icj] Sciences 




P£«:£HT 0 ' 5 10 .15 '20 

Source. Scries of Earned -Pe^rea^ Conferred . U. S. Office of EduMticn 

' ' ^ ' ^ » fig." 5 

the percentage of physical science and enaineering degrees together has dropped' from 
J^^^^ to 7.2% in tiie past ten years. That drop is^e^^cted to continue t^irough 1985. 



The doctorate , pattern is similai*. 



Despite fhe'.fal Ji^^g ,proporttons|fn th^^hVslcal and eagfneering sciences., be-, 
^ause of the- increasing si>^ of the conege^pM^jTition the actual number of degrees 

granted 1n these fieWs generally held steady br fner&ased through the sixties at all 

' ^ ' ! • -< ' \ \ >K , . ; \ 

degree levels whilei those |nt 'the, social ai(d life"^ scienceLS rose rapidjy. Howeverv while 

the college population is sti'll expanding-'as i{ win for another five years, both the 

per<?entage and the number of degrees in science and engineering have fallen over the 

past four years, except in 'the life and Social sciences. 



' ( 



. TABLE 1 ' ' . ■ 

^.OLIl-TIHE. FRESHljM^ ENRgLLI^ENTS 
AND BACCALAUREATE DEGREES , 
~'- IN ENm-NEERlllGT l " 
1964-65 10 1976.-77 





1 

.Year ' 


F.ul]-Ti{tie 
Freshman ' 
Enrollment . 


• BS 

Degrees 
Granted 




1964-65 




t 




•1965-66 


7Q R7? ' 


"^R ft! 5 




1 if o o— o / 


7Q Ann 


^0 y 1 OO 




1967-68 


77 ,"551 • 


. 38,'002 


1968- 69 

1969- 70^ 


' 77,484 


, 39,972 ' ^ 




74-,l'l3 ' 


42,966' 




1970-71 


7^ ,661 


43,167 




'1971-72" 


58,566 


. 44,190 . 




1972-73 


5?, 100 


43,42a • 




1973-74 
^4-75. 


51,925 
.63,440 ~ 


41,407 
38,,21G 




1975-76 


^ 75,343 " 


37,970 




1976-77. 


82,500 ' 


* 37,900 



*E$t^imated , , . 

»Source: • Enoineerin^ Manpbv/er 
Conimission 



- 1-2 - . ' . > " « 

« * ' *' . 

It) engineering, tWhere we can measure 

M'ntended majo^s even at the freshman year, the:,* , 

'enrollment 'drop from the fail of 1970 to the falf 

' -.of 1971 was a whopping 18% followed by a further 

• \M drop, fn the fall of 1972. Enrollments leveled*^- 

off in 197,3 and started up again in 1974, with an 

- increase in the proportion of women. Women made up * 

nine percent of the freshman class in 1 975, up from 

^ less than two percent 'six years earlier.- The \ 

freshman claps' increased 18 percent, in fall 1975 , 

and is up artother 9.5% in 1 976.^ ' . ' ,^ 

When freshman enrollment is plotted 

against first degrees four years later, (Fig. f>) 

we see not only --the abrupt shifts in popularity of 
. > > \ » « • 

engineering among freshman , but also a major change 

in the ratio of baccalaureate d^i^rees to freshma^n 

/ 

enrollments four and el half ye^rs earlier'. ' e. 



. ENGINEERING FRESHMAN ENROLLMEMTS. FIRST DEGREES. AND DEGREE RATIOS/ 
(000) ^ ' 

Freshman 
Ertrolltnents 
(Full time) 
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1954 ^59 ^. ^, 196A ' 

u Source; Engineering Manpower Commission 
' • , 'V Fig. 6 



1970 
1974 



1975 
1979 



The freshman class is reduced by a-ttrition, especial ly after, the freshman-'' 

year, and augmented by input from t^o year coUeges CpVrtijCularl^ at th^Junrioir year 

' \ ^ \ ^ - . ^ ' . ^' 

leve^) and transfers from other suDject areas. Whether the redufced attritjon^ from' \ 

freshman year to firsi degree^is jai continuing trend is not yet certain. * ^ . ' 

in physics, the /enrol Imtnt- drop is similar to engineering and .the number of^ 
< ' / 

bachelor ''s degrees granted began /to fall in 1969-70. The drop contin^led 'through =^1975 

and will fall agaih/in -1576 (Tabie p. Uoj^nen ffiade' up 9.6% and 7.8%' respectively of ^ 

^the lower degre^graduates , af;cf/4.8% of the doctorates in physicsMn 1975. , 

TABft 2 ' ' ^ 



^ P}|y^IC^£(iiROLLWENTS AND DEGREES IN THE 'U,S. 



Acddemi c» 
Year • 
(July 1 tp. 
liur^ 30) 


1 ^ ' \ J ' 

[ £ Physics Oegrrees ^Granted 

1 ' 7 ^ - -4^ J 


— 

Undergra-djate 
Physics Majors 
Enrol led 


Graduate 
1 Students • 
' Enrolled 


[.-.gacltelo^'s 


► Mast3r*5* 1 Doctcrate 


Junior 
Year 


Se?iior 

Year 


Total 


First Year 


1962-6Tn. SAS'Pl- 1 




^833 


7,873 


.5,386 . 


12,256 






f 


1 /:07 


792 ' 


7,b20 


6,676 


13,046 


4,0^1 






^ 2\m , 


.9R3 ' 


^>J32 ^ 




^"13,629 


4,157 ^ 


1565' Co > ] fMrj 






7,01>- 


^'6,296 ^' 


14,876 


4;358 j 


1066-67 ' - I E./^S'Sjfv' 




" 2 J93 1 1 ^2'S3 


_ 7/345^ 




.],5,5^1 




19d7-6S-' ; -j ^^^l^ _: 

1968-6^ r ^^97/ 


2,077 i 1 .32S 


7,82? ^ 




^1^.3^51 




2/223 


1 ^355 


7,587 


7!oi9 * 


15. 3sG69 \ 


•1969-7Q 




2,253 ^ 


1 ^545 ' 


1 ^ 


, 6,70a 


14,372 




1970-^7:^ " 


• .i'.TiB" 


- a.3Co • 




6^08^ • 


)fijM^3 


in,327 ^ 




1971^72- • 





2, in' 




6,i>93 


6,162 


13,276 


3,3"^6 


1^7^-73 






• 1 MS 


o^Ol? 


-5.806 - 


11 ,804. 


2.9C4 1 


.19"/ir74 


4;652 


^ 1,772 


1,236 


5,858'^ 


5,608 


11 .119 


. 2,68^ ..j 




. 4,571 


l;557 


1,167 


5,66t) 


5,403 


liO,410 


/,668 



Sc^uf'ce:- American InS.titute of Physics 
■ '■' -V TABLE- .-^ 











'Year 


/Bachelor's 


Master.' slOoctorates 


1970- 71 

1971- 72 
1^72773 

1974-75 


■ ..S33€ - 
;3g6T- 
14273' 
i 4834 
48'25 


1084 
1299- 
14t6' . ' 
-1604 .■ 
1512 


440 ,■ 
■ 580 

577 

570 
-- 492 



In the gfeological sciences, where 
demand is increasi,ng ;as a result of the energy 



SQUBCE: i NCES 



problems! of the country, ^degrees are dropping, 
The only reasoF^ they did not fall 
^Increased ^^nfollment of. women, 
. who made up almast l^%'.of t;he under^raduS^te 





Table 4 
CHEMISTRY DEGREES 



enrollment 1h 1974, 14% of master's enrollment and 10% of enr^ollment for doctoral 
degrees. These figures represent increases of 34% from the previousr yeaf for women 
undergraduates and 2-1% for women doctoral students. * 

*In chemis^try,- the drop in bachelor's' 
degrees began in 1970; graduate degrees a year 
later (Table 4). Bachelor's degrees have 
risen slightly in the past two years, but 
graduate degrees are still dropping. The j 
number of new Ph.D. 's , is expected to fall ^ 
**-below 1 ,500 in 1 976. Women chemists earned 
22% and 20% pf the bacrhelor's and master's 
degrees^ in 1975, and 11% of t^\e doctorates, 
up from* 7% a decade earlier. 



Year 


Bachelor':S 


Master's 


Dociorates 


1,964-65 


10,047 " 


1715 


1414 ■ 


1965-66 


9,735 


1839 ■ 


T571 ' 


1966-67 


9,872 • 


T831 


■ 1744 - 


1967-68 


10,847 


Z014 


1757 


1963-69 


11,807 


2070 


1941 


1969-70 


11,617 


2146 


' 2208 


1970-71. 


11,183 


2284" 


2160 .' 


1971-72 


. 10,7^-1 • 


22 53 • 


1971 


1972-73 


10,222 L 


2230 ■ 


1882 - 


1973-74 


. 10,517- 


2138 


- 1828 


197.4-25 


10,549 


1'986 


1822 



Sources: USOE, NCES 



s 1- 
Table 5 ■ 
DEGREES IN THE LIFE SCIENCES . 



r 





> 






Year 


Bachelor's 


Master's 


Doctprates 


68- 69 

69- 70 

70- 71 

71- 72 

72- 73 

73- 74 

74- 75 


43,260 
• 48,713 
-52,129 
53,484 
59,486 
68,226 
'68,237 


8239 
7997 
8185 
8914 
•9080 
9605 
9231 


■ 3779 
4131 
4534 
4478 
45^4 
' 4220 
4216 . 


SOURCE 

r 


: . NCES 










i' 

TABLE 6 


• 

* 



DEGREES IN MATHEMATICS 



Year. 


Bachelor's 


Master's 


Doctorates • 


197P72 

1972- 73 

1973- 74' 

1974- 75 


2'3.,848 
23,223 
21 ,813 
18,181 


5209 
* 5033 . 
4840 
4327 


1128 ~ 
' 1068 
1031 • 
975 



SOUR'CE: NCES' 



In'the.ljfe sciences , degrees ^ 

awarded during the seventi.es .have continued 

to ris.e rapidly at the bachelor 's. and master's 

levels,, where women make up almost a thirdf af 

the graduates^' (Table 5), The number pf 

doctorates peaked in 1973. Women have 'earned 

pilmost a fourth af bioscience doctorates 

• during the seventi^?. Enrollments in t^ie 
/ 

healtrh fields also are rising rapidly. 

Mathematics, too,, is a field with a 
Significant proportion of women. ]n;i975, 
women earned 42% of the bachelor^is ,* 33% of the 
master's and 11% of the doctorate degrees. As 
;in the physical scien.ce's, degrees in this 
field are dropping -steadily a*t all levels 



. (Table 6). 



/ 
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TABIE 7- 



















Year 


Bachelor's 


Master 's 


Doctorates 


1971-72 


J 33,604 ■■ 


15', 176 


5073' 


^n2'7^' 


..-140,579 


1.4,976 


'■ 5200 


19f73-74' 


145,449 


15,974 


5449' 


1974-75^ 


■ 150",467 


^8,48-3 


• 4100 


Soi*rce : 


NCES 







43% of the bachelor's, 34%. of the master's and 
sciences in 1^75. 



In the social sciences, the number 
of dedrees has continued to climb steadily for 
two decades, although the social sciences' 
prbportjion of all degrees is now dropping 
(Table 7). In 1974-75, the number of >^)Siche1or 's 
and masters degrees continued to ris'e, but tfi.e 
doctorajtes dropped i«n that year,. Women earned 
33% of the dtfctorates in the, social' ' 



' - TABLE 8 

SCIENCE AND ENGINEERING DEGI^EES AS A PERCENTAGE 
• ^ OF ALL DEGREES GRANTED 









x? 






\ 










Computer , 














Mathematics 


and 


Engineer- 


■ Physlfejal 


Biological 


Agriculture 


Social 




' , Year. 


and 


infor- 


ing 


, sciences 


sciences 


and natural 


Psvchology 




statistics 


mation 








resources 


science 






sciences 
































/jgf ' Bachelor's 


^'1.964-65.: 






•7.7 


3.6 


5.0 ^ 


1.5 » 


164 


2.9 


1974-75..' ... 






5.0 


2.2 * 


5.1 


1.7 


> 16.1 


5.7 


1^994-85'...,....^. 


'1.7 


. 0.9 


. 5.7' 


2 1 


4.9 , * 


1.8- 


14.7 


7v7 , . 


' , Master's , 


1964-65 


3.6 


' 0.1 


10.3 


4.2 


^ 3.1 


"1.4' 


\ 8.2 


1.9. 


1974-75 "... 


1.7 


0.9 


5.4 


2.1 • 


2.3 


1.0 


65 


2.4 


1984-85 :. . . 


1.3 


1.5 


5.1 


1.6 


2.2' 


1.0 


5.8 


2.5 ' 












Doctor's 


























1964-65 


4.1 ' 




13.0 


17.2 


•11.7 


4.0 


11.2 


5.1 


1974-75 ' 




0.8 


9.8 ' 


10.0 


10.2 * 


2.8 ' • 


11.8 




1984-85.,. ....a.. 


•1.7 * • 


• :o.8 


6.2 


7.1 


9.3 


2.2 ■ 


10.6 


' 9.3 



NCR&.-i-Oata are for 50 Staies arid the District of Columbia for all years. 
Because of rounding, deisiis may not add to totals. 
" . ' «■ 

^.«less than 0.05 ' ' . 

Source: National Center fV Edacatton Statistics 



The degree 'pattern of the past ten years looks fairly clear (Table's).^ Stu- 
dents have continued to major in field^s t'hat are^ready over-crowded; psychology, . 
social sciences, education and humanfti^.s,^ whjle degrees have been dropping in fields ^. 
such as ,engineering, chemistry, geology and mathematics/ Projections 10 years ahead 



show a general* continuation of this trencf, -The propbrtipn of Women is rising in all 
these fields, but is stiVl far below their proportion, among al\ students. , . , 



TABLE 9 

PERCENT CHANGE IN TOTAL GRADUATE ENRok.l€NT$ 
~ &Y FIELD, 1970-71 TO l"975-7j6 ^ 



FIELD 


1970-71 
•. TO • 
l§71-72 


1971- 72 
TO 

1972- 73 


I973r74 

TO 
1974-75 


1974- 75 

TO ; 

1975- 76 


Education 


+6.0% 


+5.7% 


, +8.5% ■ 


+3.5/ 


Humanities ' 


+1-.1 


+2.8 


+2.1 


+0.6 


Social Sciences 


^+3.3 


'+3.2 


. +2,7 . 


+2.5, 


BiologioaJ Seiences • 


+9.6 


+4.5 


+9.3 


+6.1 


Physical Sciences 


^-1 .9 


, -6.5 


-1 .9. 


+1.7 . 


Engineering,,. 




-2.0 


No Change 


• +3,0 


Total All Fields 


+3.4 ■ 


+1.9 


+4.4* 


+1.5 



Source': Council, of Graduate School? of the U.S. 

TABLE 10 : * 

, • percent" cha ng e 44 

. ^1972 



EflRQLL MEN T 



Area- S^'iField of Science 


1 9 7 2' 


1 97-3 


Percent 
Change 


; 'toteil 


160,30^ 


157*306- • 


-1 .9 • 


Engineering 


40,560 


39,525' 


-3.5 


Civil-'' 


• 6,555 


6,508 


-.7 - 


■ EleQtHcal ' " " 


11 ,54? 


10,536 


-8.3 


Mechanical ^ 


5,793 


-. 5,566 


-3.9 


All Other 


. 17,070 


.16,865 


-1?2 


Physical Sciences 


26,387 


25,777 


-2.3 


Chemistry * 


11,482 


11,067 


-3.6 . 


Geosciences 


'3,935 


4,104 


^ -4.3 


Physics 


-8,907- 


8,402 


-5.7» 


AT 1 "Thher 




2,204 


■5.8 


Mathematical Sciences 


14,825 


14,379 


-3.0 


Applied' Math 


35388 


3,574 


5.5'. 


Mathematics • . 


10,119 


9,440 


-6 ..7 • 


Statistics 


1,318. 


1',365 


3.6 


Life Sciences 


30,959 


31,651 , 


r 2.2 ■ 


Agriculture ' 


7,665' 


7,857 




' ■ Biochemistry :,, — 


- 3,227 


3,257 


■-^ 


Biology - ' ^ 


6,365 - 


6,459 


lis 


All Other . 


. 13,702 


14.078 


2 J 


Psychology. 


• 13,436 


13,246 


-1.4 • 


Social Sciences' 


33, '735 


32,728. 


-3.0 ■ 


Economics^' . . 


7,057 


' 6,878 


.-2.5 


Political Science 


7,752 


7,435 


-4.1 


Sociology 


• 7,662 


- 7,011 


-8.5 


All-- Other 


1K264 1 


11,404 


1.2 



^B&sed oh fulTand part-time enrollment in. '3, 374 
matched departments feportingffor ecrch of the years. 
SOURCE.:, National S'ci^jice Foundation ' ^ 



^ An examination of 
changes in graduate enrollment 
•oy-er^'a five year period as 
meais|ufed by the Council of • 
'ff^aduatte Scho6*ls sHows the 
picture clearly '(fable 9). 
Enrollment has bpen fis.ing, 
\tind: fairly rapidly,* in ^elds 
where surplases already exist' 
and more are pVedicted'. 
Enrollments have fal-len in>.the 
physical scien^s artd engi- * 
nieerifig where,^ below the 
loctorate at 'legist, jobs are 
generally expected to be In 
balarke w1th> supply. 

Enrollments, how- 
ever, may. have turned up again 

at the graduate level* in some 

*' * ' * 

of. the^e. fields. -The > 
National Science fouqciation , 
reports that betwgren^l972 and 
1973, graduate enrollments in 
a set of matojied departments 
dropped* in all areas except 
^jne life sciences (Table 10) » 



* . TABLE n 

Cradull^ science enrollmen( by field, 1974-7^ 



Civil ^ ^ 

tf*ctr.C4J . * 

Indirttrijl 

Mechanrc^l 

All other 

f*hv*»cal and environmenul 
K.t*r>cV» , «. 

Phy^tcafHieftCrt total 

Astfonomvi> ■■ 
^htnmstrv # 

Environmental sciences total 

* Atmospheric * 
CfO«:»ences 
Oceanogfiphy • 
SUthematical sciences 

Applied mathematics 
Mathematics 
Stafistics • 

Li(^ sciences 

Agriculture' 
BfO^hemistrv 
Bioiogv 
8oianv 

Microbiologv « 
Nutritioo 

Phv*K>logv , 
^oologv 

Other biosciences ^ 
Clinical medical 

PsyChologv' ' ^ 

' Sciences 

Anll^opOloKV . < 

'tfO06rrtit:s ^ ' 
Linguistics » 
Politicat Kience 
Soctplojiv ' 
Ali other 



60^ 
i 13 60S 
TO 327. 



SS0A2 



.4 559 
9 954 

1J.105 
7 9«1 
7 789 

12.694 



9^699 



1 (Sm 

6,708 
1.983 



19 652 



6 069 
n 744 
1 819 



62.980 



10 316 
3 678 

10?0p4 
2,642 
3 849 
2,6^1 

2 320 

3 S74 
9-111 
14 835 



25 052 
6$ 983. 



5 675 
m' 550 

7 227 
15 228 

13 224 

14 079 



?*)662 



6? 580 

1 1,11 3^ 
j5 229 
i9 176 
V7 839 
,14 303 



n3,9i7 

; 10 026 



988 
7 394 
2046 



6 760 
11 522 
i055 



68.886 



11 445 

i 3 65*$ 
11 783 

2 7J0 

3 9W 
2,%97 

2 338' 

3 574 
10 M2 
16,3«1 



27 123 
76 759 



6 DB6 
11 528 

8 464 
19 657 
14 1*1 
16 833 



Percent 
change 



7? 
114 

15 0 



2 2 



-i9 



-2ff 
10 2 
3 2 



11 0 
-19 
13 0 



,9 4 



' 10 8t 

- 7 
• 17 8 
3 3 
17 
1 7 
8 
0 

13 5 
10 4 , 



8 3 

16 3 



45 

V17 1 
, 291 
150 
19 6 



Be*^een ^^^^ and 1975,, however, matched departments . 
repdV^ted increases int.enPonmSnt' in almost" all ^ ^ 
fields Of science. (?ab1e^lt;)e TiTe increase cop- 
tinue? to "be .rap^ld in''the>social sciences, fojjld^ing 
^ the pattern^ of the i^a§t "several yeafsAo_, 

Natlonaf Scifnce Po^gd'aticm projections- 
of graduate enrollment by field, of sctfilice in^l980 , 
and 1985 are shown in Table 12. ' ; ' ' 



'Ba$#don full and pa/t HmeenroHment m 7 664 graduate departments 
SOurfCI ^latlonalSclertcefoondat^on i 



TABLE 12 

ENROLLMeNY for advanced "PEGR&g^ IN 
$ClENCE/ENi5lN|£fiIN6 FlELO^ ~- 
*TOTAk. FALL. 1960-85 • J 



i 





^ Iota! 


Physiqat 




MaMipmatical 




Social 


. S/l: 


scit'oces, 


rnqmeerino 




sciences 


sciences 














1960 ,. . . 


120 638 


25 707 


• ^^36 63]^ . • 


1*^ 770 


. 10 715 


— 5 

26,810 


\9til'.' 


128,794 


?6 5i;3 ^ 

2asoi 


39,36/ 


12 671 


21.446 


28 757 


V,ib2 1 


142 433' 


' 43,S&0. 


, 14 12J ^ 


23'95i 


31918 ^ 
35.313 


UCJ , 


•158 051 


30 959 ' 


46 917. 


1%9^4 


^6.888 


19G4 


178,123 


34 061, 


'5/318 • 


. 18 805 


■ 30,787 


.40.152 


iQoO _ 


195.34G 


30,506* 


^' 57*516 ^ » 


. 21 0^4 r; 


34,74S 


^45,561 




V 207,049 


, .37.S5a - 


* £6.338 ' * 


0/ ?3 i:^o . 


37,00/ 


50.604 




224.463 


40 447 


• ' G'?633^ 


' ?C.Cb6 ' 


. 39.954 \ 


56 368 ^ 




234 0G1 


40.037 


63 6 


^6 640 


4V676 


61,546 




, 243/15 


39 hciO 


65.048^ y 


2g175 J 


^ 44.203^ 


65 404 


10/0 . ' 


252.159 


40 1 1 J - 


' 647R8 ' . . 




46.-'fe0 


70^90 . 


19^1 


246,100 


38.92^ ^ 


69 321 ' . 


- .2e,)B4? 




^ 71 342 


i97:>* 


24? 088 


36 047'-^, 


55.847 


% 28 064 - 


49-118 


73.912 1 


i97:jA^ 


244 354 


35 995 


54,557 


' , ?7':(j23 - 


50,71'< 


76 05^ 


Projccl'^d 










87.006"* 


ly^C f'jor. 


237 000 


26 500 


- 48.100 i " 




62.500* 


WO Sur.c 


^'8/ 400 


31 100 


55.100 ^ 


28,/t)0 


66 800 


105.700, 




^lO.COO ^ 


19 000 


45.000 


1B*100 


47';900 i 


80,!K)0 


1055 St.i ;c' 


31^:800 ' 


27 100 ✓ ' 


-57.900 


^9.100 


/8.800 , 


121 9001 



*Data not a\;ailable 
Sources: 1960-73 ,data^ 



v/hen projections ^/ere made. 
, NCES. Projections, NSF. 
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The .number of 



Immigrants , ^ . • • 

New graduates Inake up only a part of the entrants to supply. 

^scientists and engineers -who immigrated to thB U.S. peaked in FY 1970 at 13,300^ but fell 



TABLE 13 

IMMIGRANT SCIENTISTS AND ENGINEERS 



Fiscal 
Year 



Total 

Scijentists 
& 'Engineers 



.1,369** 

2 -,04 5** ' 

2,098** ♦ 

3,449 - 

'2,866 

3,336 
• 3., 002 . 
'3,95^ 

6,046 

5,380 . 
, 5,290 

4,5i\0 

4,171 

4,297. 

^5,9<y- ' 

5,762 . 

5 .345,^ 

12.523 
12 '973 

IT) ,255 
13,337 • 
13,102 
\1 ,323 
6,632 



Engineers^ 




•r^949'' 
19^0 
1951- 
19S2 
1953 
1954 
1955- 
19% 
1957 
1958 
1959 
1960 
1961' 
1962 
•1963 
1964 
1965t 
1366 
1967 
.196\ 
1969- 
1970 
1971 
■ 1^72 

1973 . _■ - 

ncTucfes professors and if\structors 
**lotal excludes a small number of social scientists for 
whom data-'are not available.- - • . 

Source: National Scient:^ Foundation • ^ 



^ Engineers typically have mad e^wp 65 to ,70 

pertent of the total of "immigrant scientists and engi- 
neers, with th^remairider" distributed thi'augh tj»e 

natural a'nd social 'sciences. ^Immigrant scientists 
'• •• ,' \ 

and engineer;s make up only a small segmeat of the V ^ 

• § ' ■ ' - \_ •• 
•total U.S, stience and enOineertYig manpower pbol . 



3,354 
2,890-' 
2,940 
4,014 
3,725, 
3,446 ■ 
4,915 ■ 
8,821 
9,313-- 
■ 7,-1 50'- 
tr,305 ' 
9,015 
7,436 
4,443 



Natural . 
Scientists*' 



Social 
Scientists* 



413 

766 
507 
. 805 

• .554 

• .jsm 

791 
986 
J, 345 
1,21?' 
1 ,1"88 
1 ,043 . 
1 ,"102 
-U165' 
1,6&8' 
1 ,-754 - 
1 ,-597 
1,9-49 
■ 3,158 • 
■3,110 
2,601 
3,254- 
3,456 
3,271 
1,790 



MA 

■NA 

NA 

245 

148 

136 

140^ 

162' 

154, 

136 

152 

153--- 

170 

.192 

231 

283 

302 

341 

54^ 

-550 
504 
768 

■ 631 
616 
399 



4 t 



lo 6,600 in FY 1973, aown more 'than 
from ihe peak ,? because 'of stif- 
fer"restrict>ons on immi,grant 
scientists and en^i.neers entering, 
the -U.S.* to wgrk.r which were estab- 
lished in Febrifafy 1971 (Table T3). 
A report in preparation at°NSF 
provides data which indicate that 
the level establ i shed -in 1973 has - 
continued through 1975. ■• 

. TABLE 14 

PKYSICIAN AND SURGEON IMMIGRANTS 
COMPARED WITH NUMBERS OF- 
U.S. MEDICAL GRADUAT-ES 



Fiscal 
Year 


U.S. Medical 
Graduates ^ 


Immigrant 
■Physicians 


1962 


7,168 


1 ,"797 ° ' 


1963- 


7,264 < 


2,093 \ 


V964 


7,-336 


' 2,249 


1965 


■ 7,409 


2,012 


1966- 


7,574 


2,552 ■ 


1967 • 


7,743. 


3,326 . 


196-8 ■ 


. 7, -§73 • ■ 


. 3.128 >- 


1969 


■ 8,059 • 


2,756v • 


1970, 


8,367 


3,158 


1971 


8,974 


5,756 


197^ * 


.9.551 


7,143 


fl973 


10,391 _ 


• 7-,n9. 


1974 


11 .613' 


6,321 


1975 


12,)14 


5,361 



Sources: National Science Foundcition 
Journal pf the American Medical 
Associ^'ation, v. 234', No. \3 
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• "T^hysician entrants, however, consjtituted^about 40% 8f ffk total of new U.S. 
graduates plus immi-grant.physip ians irj 1973 -(Table 14),- Some of-these immigrant 
physici^ans tak^ other roles in^/he life sciences, and never ,l?ecome^l icertssd as U.S. 
physicians, v ' • . ^ 

Other Entrants * , • \ ' • , ; . ^ ^ 

\ , ^ ' ' Pi. third sourde'for new supply particularly .in engineering, is4:^e rest of 
the technological pool itself. Techiiici^ans and others with, le§s thav^ a 
degree in engineering often are classified and emplpyed as engineers wi 



bachelor's 
thout tUte 'formal 



- ' education of engineers, Additiona-lly,ja smaller group of persons transfer into engi- 

• 1 » ' w ♦ ^ 

neerin^, from other 'disciplines , usually mathematics or the physical sciences, to. add to 
this pool. The /lumber of 'upgraded' technicians or "practical "'"engineers uncertain , 
feut .these Individuals become imp'oi^ant^on t;he supply side because their niifflt^s increase- 
'during periods of expanding defnalid and/or falling suppTy'of^ new graduates!* They are 

. also in the forefront of layoffs and. the taiLof reemployment • creating co^isiderabie-* 
buman^^agedy .^Transfers froln one fiel^ to another within the' science and engineering 
pool also are comflion. * ' ~ %. 

Existing Pool of Trained Scientists and Engineers * ' " - 

' * New gradgates., new itnmigr^ants and newly classifie^lngineers and scientists 

^jjjoy^, into the existing manpower. po61 , This, technological ^pool is constantly depleted 
as well , ttirough deaths, ret'irements and transfers into other fields or into manage- 

-meat ^areas. A conservative estimate of annual depletion is 1.5%. 

One majrfr^ ^ource of information about the existing'^ science and^ engineering , 

manpower pools is the 1970 Census and the 1972 and 1974 Postcensal surveys of sci'eHtific' 
and technical manpower^ ^ 



A^ational sample of scientists and engineers, identified from the 1970 
census >^was surveyed in 1972 and again in 1974, The 1974 survey forms one' part of. a 



three-part Manpower Characteristics System of/the Nationeil Science Founda.tion. The . 
second part consists of biennial surveys of a selected, sample pf doctoral scientists ' 
1 ^ and engineers performed by the Commission on Human Resources the National Academy of 
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Sciences, and the third part estimates new entrants from Universities 'and colleges. 
Field iden^ifi cation of the 1974 CJatijjnal Sample and in the combined Manpower Charac- 
teristics-System is shown injable 15. The National Sample "represents a'bout,55% of 
the total, with the proportion being tygher in some fields, notably the physical 
sciences, and- lower lin the life and social science.s anci psychology. ^ 

. ; , . . . ' ••■ ■•• ■ • . 

Tab.fe 15 



U.'s.. SCIENflSTS*'AND ENGINEERS -BY FIELD, . 197.4 
"^^^ ' NATIONAL SAMPLE AND TOT/^, MCS " 



/ 



—7 ■ ~Y J r. 


Nautioria-1 
Saft)ple> 


r 


. Total Manpower o ~ 
Characteristics System « 


I E L D * . 


N umb G r 


Percent 


Nilmber 


Percent 


■ Tnf Al 1 P1f^ld<; 1 


*079.698 


100 0* 


' 1 ,973,200 ' , 


100.0 




V21 ,011 


11.2*^ 


188,300 


9.5 


Phpmi c f Q> 


87 334 


8.1 - 


1- 138,000 


7.0 


r 1 ijf o 1 1 o / tyo Ul V 1 iv/iiic 1 o ' 


27,519 * 


2.5 


12,400 


- 2'.1 • 




* 158 


.6 


/ '7 -,800 


.4 


rlOrLllcMIQ L 1 Ld 1 O U I t:j I L to - • 


27 -633 


• -2.6 


60,400 ■ 


3.1.' 


Mcithemay ci aris 


20,076 ^ 


-r.9 ■ 






Statistici.ans 


■ 7,757' 


.7 


16,900. 


.9 


— , - _ . . , 
Computer Specialists ^- ' ' " ' 


55,1 86\ 


5.'l 


125,500 ■ 


■ 6.4 


Envi^nmental Scientists 


• 29,466 • 

f.. . ■ n ^ 


.>2.7 


■ 52 ,'000 ■ . 


,2T5 . 


• 'Earthr Scientisfs 


V. 24,58^ 


2.3 


- 4«5,600 , 


•2.3 . 


' Oceanographers' 


•r^ 1 ,563 • 


.} 


2,000- ' 


.•^".1 - 


Atnfospheric Scientists 


3,314'" 




,' 4,300' • 


. .2 ■ ' 


•Engineers . 


637,'9li • 


63. S 


1 ,071 ,800' •■ 


•54.3.- 


Life. Scientists . . ' 


75,462 


j.o ^ ■ 


rl93,90(3 


9.8 


« Biolo^qical Scientists . ' - 


35.935 


3.3 


• 118,000 


6.0 


Agpicultural Scientists ' 


28,790 • 


2.7- 


»7,900' 


2.9 ■' 


Medical Scientists • - , 


- 10,737 


1.0 •• 


18,100 - 


■ - .9 


. Ps/choloclists .s- > 


34,889 


3.2 


■94", 700 


^4^ 


Social Scientists 


47,940 


4.4 


1 85^,700 


. 9.5 


Economists ' - , 


~19,754^ 


1.8 


54,600 


2.8 


Sociol oqi sts/AnthV-opol ogi s ts 


' 11, 158 ■ 


1.0 


. 50 ,.400 


i.6 


.Other Social* Saientfs-ts 


17,028 , 


: 1.6 


V '81 -.700 


4.T*, 



SOURCE: National Science .Foundation, NSF "75-333 and NSF 76-312. 
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I ^ Irrthe 1974 total\est1mates , th^ Natiop'al Scierfce Foundation finds only 

185,000 women (8,000 engineers, or .75%*of the total, and 178,000'scientists (20%) 

•for a total ^representation ^f'.less^* than 105S. . '/**.. ' ' ' 

/ 1 * / * • ' 

In* 19/2, the National Scienie Foundation fourjjl that .the'proportion of persons 

^in each occupation whosB highest degrefe is in some other field ranged from 28.4% 'of the' 

Hpithematical specialises to 9.6% of the psychologists, tlius a^d^ng another complication 

'to estima!ing supply on the basis Qf degrees granted by field. Among those identified 

as physical or life scientists, f^r example, less tha/i 80% "held their high^^^^^gree in 

these»broad fields. Within more detailed .fields^ the'* variation is' wider. Among *104, 413 

chemists, 77" held their highest. degree in 'chemistry', but among 106,309 computer- ^ 

^ ■ ■ . ■ 

, only 6% held their highest degree in computer science ^nd systems 'amalysts.' 

^ The proportion of each group that has no degreer or "Jess than a baccalweate 

degree ranges fV-opi 11% of the engineers' to less than one percefit ef th* life and sc^cial 

^ '>\ - • ' ^ ^ . • ■ ' -^'^^ 

scientists. ' , . - • . ^ . ^' - . - 

. " >• . 

These groups^also vary widely loathe level ofYormal ediicatijin achi^eve3. The 

proportion with doctorates ranges from less than 4% ^of engineers to almost 50% of psycho- 

legists (Table 16)/ " - ' " " 

• ;■ • • ' - . . ' TABLE 16 ' , ■ , '' ' " " • " 

EIELD ■OF!^{jENT.IFICATION OF SCIENTISTS. "AND ENGINEERS, M^D PROPORTIONS WITH • ; 
' HIGHEgaflEGj^EE IN THAT FIELD, HHH NO; DEGREE AND WITH DOCTORAT£; 1972 



V 

specialists 



.Field, of. Identification^ 

r ^- . ■_ r 


^ Total' , 


% WithJIIighest 
Degree (1972). 
- Iti Field of f. 
Professional 
Identification 


% With Less 
. Than'B. S. - 
Degree ■ 

* « 


% With ^ 
.Doctorate 


. Engineers" ' . - % 


840 ,000 ' 


8^.9 


10.9 • * 


- '3!8- • 


Math Specialists 


31', 132 , 


.•-71.6 


. 6.0' 


'30.1 


^ Life ^Scientists r ' • 


77,163 


79'. 7 - 


1016 


- 32.5, 


^Physical Scientists ^ 


17.9,812 


78.J 


' 2.2 


35.0 


/^octSl' Scien^ists ,^ 


. 59^,232 


.77.1 


0.6 


•. 32.4 . 


Psychologists • 


. 36;6«4 


90.4 


0.5 


49.7 



Source: National Science Foundation ^ ' ^ 

Women'were less likely than/men'in 1972' to be working in the field of their 
highest degree? (Fig. 7) ^ . * - , * " ^ . 



J 



•Percent of scientists and engineers, %ptal and womien, < 
wiiose*f ieid of study for highest degree held^ was 
s^me as field of identification, 1^ 

^'i^^<^oi (Percent) . ^ 

identification 0 * 25 50 75 ' 100 



Engineers 



Mathematical 
spec-ialists 

Computer 
specialists 

Operations 

research 

analysts 

...4*^ Life_sclentists 



Physical* 
scientists 



Psychologist^ 



Social 
scientists 




^Bachelor's or hi^hef degree. 
SOURCE Nattpnol Science Foundation 

' fig. 7 



.1^ 



To. show some of ^he difficuUx in defining the manpower pool for any field, 
we •can use engineering as an example. 

' . Examining the f igures< from the. 1970 Census and the 1972 Postcensal survey an 
another way, we find that among the 966,000 whose highest degree V/as in engineering. 



only 584^,100 were workinq as engineers while 382,800 were in' other q,ccupations. 



the 1 ,242,500 listed as engineers in the 1970 Census, only 854,100 have an engineer^ing 
degree; J159,600 had a .degr^ iri another field, and 49&,800 Jiad not earned^ a baccalaureate" 
degcee. • , • ^ • 

Schematically, this engineering population of 1,242,500 from the 1970 Census, 
can be reduced' to 986,000. remalning-after filtering through the National Science ^ ' 



.23 



Foundation postcensal criteria. The remainder of this group;, as re-surveyed in 1972 

and 1974 reduces further' (Fig . 9).- - 

^ ^ ENGINEERS ^ ^ ' 



/ 



^ Highest Degree Engineering 

966,000 ^ . . • ^ ^ 

f r Occupation Engineer, 1970 Census—— > 

- - 1 ,242,500; / ' • 





Othen,. 




Other 


Less than BS' Degree- 




•■Occupations 




Degree 




381 ,900 
V— = — : 


584*100 ' 


159,600 

^= 


498,800 



^Engineers, NSF Postcensal Crtieria >' 
j^:- • . * 986 , 000 --^t-. ' ' 



308,000 



478,000 



o 
o 



o 
o 



NationaVSample, Engineers, 1972 Postcensal 
- ^799,935 ' ' ^ 



157,900 

« 


419,800 


✓ - 

126,900 


95,300 


Nattonal Sample; Engineers, 


1974 


Postcensa" 


1 / 



687,911 



115.900 



536,100 









ro' 


o 




o 


o 







Sources: U:S. Census Bureau-, National Science RoOndation 
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^ Natibnal »'Sci^nce Foundation's^ estimate" of >l ,082,000,^ e^ngi nee rs in 1974 cfompares 
with BLS 'figures of 1 ,170,000 employed as engineers in that year. Host of this 
difference' appears- to t^e non-degreed engineers. 

Probably the best measure of the science/engineering manpower pool , at least 
,for .1970, comes d'rom' the National -Science Foundation's "redief ined" augmented Census 
sample of scientists §nd engi^rieers, Which usecl a series of criteria inclufling self-* 
identification, educational degree level and study. field, labor force participation , 



a/jd other professional characteristics to identify scientists and engineers. The 1972 




■ . -. 24 - ' . *. ■ -b ' ■ 

ar/d 1974 sampling is less c-omprehensive , since some persons in the longjtudiRd-1 -study, 
fail to respond to successive surveys. The" estimated 1974 science and engineering 
population (Table 15) j'ncludes new entrants to the workforce since 197G. ^ , ^ 
Doctoral -Scientists and Engineers ' ' ■ 

' — . * 

The doctoral workforce In science and enaineering is of specific concern 

in relation to'acad'emic and research activities. ^ . ' 

In 1975, the Comniissiqn on Human Resources of the National Academy of 

* Sciences reports, a total of 279 ,^00^ doctoral scientists and engineers who had 

r^cetved their doctorate orior to July 1, 197^ we're livin'a in' the United States.^ 

Wi'thin/this total, 13,900 were retired or* wer^ not in the labor force for some 
i 



other' reason , brircrina ihe .number to 265,;5CiP.- Pv 1976 ,. the labor force of doctoral ^, . 
scientists and engineers had mcreasea to annroxlratel y 277,500, following the addition of 
new doctorates fro^T^ the FY 1975- class, and the normal losses to^emlaration death' and - 
r^tiVem^nt. 

study of doctorates in 1975 pravides useful information about some 

characteristics of this oooulation.' . ' 

• Distribution by field 'the doctorate and field of employment is shown in 

Table 17' A net influx, from field of doctorate to field of employment appears in 

earth science, nedKal science and non-science emplflyment, -while physics, cbemistryi 

J TABLE 17 ^ ^ ■ • ' 

^ ' * ifistnbufion of Doctoral Scientists and rnginccrs m ihe'Unued States. 

1930-74 Griduates by Field ot Doc'toratc-atid Field of Employment. 19^5 



4 * 




— •> 

FieM of Doctorate 


Field of Emplo>mcnl 








-» 

N % 


N . % 


J 


Alllfcids ' 




279.351 * 100.0 


262.991* 100*Q. 


' ' 4 



V 



Malhemjtics 

Pnysics'AUronomv 

ChcmMf) 

Earth S^^^nccs ^ 

Enginccnng 

Biosciences 

A|ricutlurjl Scion^rcs 
Medical Scjcnces 
Biolopcal Sqenccs - 

«?$ychoK>^:> 

Social Scien\.C5 

Nonscicncc^ 
'-No Report 



15,989 

4 3,248 
8.813 
41.228 

13.145- 

50.085 
29.435 
^9.27; 
,i.5l9 
134 



5 7 
S.O 
15.5 

-J4.'8. 

4.7 
26 
17.9 
10.5 
14 I 
2.0 



16fS:5 
17.880 
33.077 
12^.149 
41.616 

13.170 
13.329 , 
38,294.' 
28.901 
31.380 
12.958 - 
3.422 



6.4 
6:8 
12.6 

15 8 

,5.0 
'5.1 
14.6 
11.0 
H.9 

4.9. 

I 3 



•Less than 1 ^ 
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biological \and social sciences show substantial net loss from decree field to 
employment, field. * * - ' 

• Only 9.52 of the 'doctoral scientists and engineers in 1975 were women. 
Fields showing highesf^proportions were psychology (22.3%), the biosciences ^ ' 
and the social sciences (12.3?). Women made up 17.2% of the non-science doctorates 
working in science, bui only 0,S% of all doctoral engineers were women. Racial 
minority 'groups comprised a little over six percent'^of the total including eleven 
percent of the engineers' and more than si\/percent of the bipscientis'ts.f ' 

• About 2>500 of ttfis group were unemployed and seeking emplo^ent, for an 
overall ^nemployment rate of one percent. -However^ 3% o^the women and only 0.8% of 
the men reported involuntary unempToyment. ' '\ 

• Almost' five percent of s^cience and engineering doctorates wer£ working 

in non-science fields in 1975 , while two ^percent of doctora<:es employed'in science, 
-or engineering held a non-science doctorate. Among the most recent graduates, (1974) 
5.1% were employed in non-scienoe fields one year after earning the doctorate. 

• • ' DEMAND • " ■ • • 

• > 

Estimates of long range future demand usually are either projections based on 
past trends which incorporate certain demographic statis;tics, or surveys based on the 
hiring plans of major employers. 

The^Bureau of Labor Statistics Vegularly forecasts empl^^ent trends ten 
years ahead, using economic trend models hedged by consideration of expected federal 
R &i) budgets, defense expenditures, and industrial expansion to meet demand for more 
goods and services. Estimates aV^e provided as averages over a decade, without specific 

reference to the irregularis spaced dip? and Kises in demand which 'occur repeatedly in 

• ; * 

engineering and scientific employment. - ' 

The §LS projections examine demand for an entire profession, combining all 
degree level? and breaking down the components ^f demand only by employment changes and 
replacement needs. ^1976 projections, by BLS of average^annual openings<in scientifit 
and technical occupations for the period of 1974^to 1985 are sh9wn in Tabl6 18. 



TABLE .18 

* — t" 

ESTIMATED 1974 EMPLOYMENT, PROJECTED 1985 REQUIREMENTS, AND AVERAGE ANNUAL 

OPENINGS, SCIENTIFIC AND TECHNICAL OCCUPATIONS,. .19-74 - 1985 



Occupation 



estimated 
cfPployment 
4574 



Scientific and technical occupations 
Conseivation occupations 
Foresiefs . 

Foreslrv technicians- ♦ . . . • 
Range laanagers 

Engineers * ' ' 

Aerospace 

Agacultural * , 

biomejJical /r,, ... 
Ceramic 

Chenjicat . , 

Electrical 

Industrial 

Mechanical 

Metallurgical 

Mmipg 

Petroleum 

Enviionn^ental scientists 

Qfologists^ 
G6<jpliysicisls 
Meteorologists 
Oceanograph^rs * 

Life science occupations 

Ufe scientists . t 

Mathematics occupations 

Mathematicians 
Statisticians 

Ph)sicai scientists 

Astronomers .. 
.Xhemists 
Ph>s»cists ..J. 

i 

Other scientific and tecnnica!^ 
occupations 

K 

Broadcast technicians 
Drafters , - - i 
Engineering and' science 
technicians . . 



Surveyors . . 
Computer and related occupations 
Pfogranmers 

Systems analysts,' , 
Social scientists* 



Anthrcppli^ists 

Economists ... < 
Geographers 
Histortnns 
Politicat scientists 
Psychologists 
Socidtog'^sts 



?4.000 
10.500 
2.5CO 

1.100.000 

52,000 
12.000 
^ 3.000 
' 12 000 
50.000 

mm 

290.000' 
180 000 ' 
185 000 

17 00O 
5.000 

12,000 



23.Q00 
8c200 
5iE0O 

2 m 



190.000 



40.000 
24.000 



2.000 
135.000 
* 48.000 



22 000 
313.000 

560.000 



55.000 

200,000 
jr5.000 

3.800 

71.000 
9.000 
26 poo 
1^500 
75.000 
14.000 



Projected 
requrements 
1085 



29.000 
13.800 
3.850 

1.500.000 

58.300 
15.900 
4 000 
15.900 
■ 62.800 
228.100 
378 900 
227 100 
237.000 
20.000 
7.100 
18.200 



32.000 
11.400 
6.900 
•3.100 



245.000 



46,100 
31.000 

2.100 
173.000 
59.400 



26.000 
444.600 

794.000 



8^.600 
285.000 

'Vsb.obo 



5.400 

wm 

13.000 
32 000 
14.500 
105'OCO 
18.000 



Percent 
change 
1974>85 



20 5 
32 1 
53.9 

32.8 

12 1 
32 5 
,33 3 
32 5 

25 6 
36 6 
32 0 

26 2 
29 5 

21 2 
42 0 
51 7.^ 



39 4 
39 4 
23 3 
22 5 



29.0 



16 5 
32 6 



4Q 
28 6 
25 0 



18 2 
.41 7., 

41 4 



59 2 



42.5 
65.'2 



.42.9 

45 9 
42.8 
198 
27.5 
40.7 
28 7 



Annual average openings. 1974' 



Total 



950 
500 
150^ 

52.500 

1.100 
. 550 

150 

550' 
1.850 
9.300 
12 200- 
7,200 
7 900 

550 
"^50 

750 



1?300 
450 
200 
100 



10.700 



1.550 
1.450 



30 
6,400 
1,700 



1.350 
17.300 

32.^00 



3.600 



13.000 

'9.'i66 

250 



4.700 
650 
J. 300 
^'600 
5.200 
► 750 



irppfoymefJt 
change 



Replacement 
needs^ 



450 
300 
1,00 

33.500 

550 
350 
100 
350 
1.200 
5.600 
8 400 
4,300 
4.900 
300 
200 
550 



800 - 
300 
100 
50 



5.400 



600- 
650 



10 
3.500 
1.100 



350 
12,000 

21,000 



2.700 



7.800 
7.000 



150 



3.000 
350 
500 
300 

2.800 
350 



. 500 
200 
. 50 

19.000^ 

550 
200' 
50" 
200 
. 650 
3.700 
3.800 
2.900 
3,000 
250 
150 
200 



500 
150 
100 
50 



5.300 



950 
800 



20 
2.900 
600 



1.000 
5,300 

11.000 



900 



^ ^^5.200 

"iToo 

100 

1.700 
300 
800 
.300 
2 400 
400 



*Totals do not equal sum of individual estimate^because all branches 
of enjpine^ring are not covered separately. 



Source: Bureau of Labor Statistics 
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TABLE ^19 



Requirements for {jngineers and Scientists by Type In Selected 
faerqy-Related Sectors in the United States, Assuming ^j^^i"^^'^ 
iffon to PevelQp Doneslic Tuel So-jrces. 1970, 1980 and 1985 



"'ENGINEERS 



1970 



1980 



1985' 



Some long range demand 
studies deal with job opportunities 
or needs only in a particular 
project area without reference to 



j£6nst ruction Engineers 2,500 3,100 

k^mical Engineers 33,^600 . 42,300 

\&v11 Engineers 14,200 • ^ 18,300 

EWctrica' Engineers 25 ,600 u 5G,000 

' ''Industrial Engineers 6,000 8,7Q0 

Herhanical Engineers , 8,000 19,90b 

"MebVlurgical Engineers ^ . '900 1,900 

.Mining FngineerS * , 700 1,400 

* ' Nuclear Engine'ers oOO^ 3,600 

Petrcr.le urn Engineers * 5,6:90" 7,300 

SalesUngineers ^ 900 1 ,90S 

Engin^rs*, Nec- 3,700 9,700 

Engineers, Total 101,300 • 168,500 



51 ',500 demand in other sectors of the 
27,*200 

65,500 economy for the same kind oY pro- 

12,000 
30,5O0 

2,700 

2,200 

6,200 

^,600 



fessionally trained people. A' 
typical example is a National 



11*600 Pl^^^i^a Association study of 



224 



>7^ 



SCIENTISTS 


1970 


1980 


1985 


Agricultural S^cientists 


400 


.400 


"N. 500 


Biologists - 


900 


1,300 


1,500 






19,(00' 


27.800 


Geologists and Geophysi cists' 


8.100 


9,900 


11,100 


Marine Scientists 


. 38 


41 


46 


Matheniatici arts ,^„^o0 


' 7 ,500 


10,000 


13,900 


Physicists ^ ' 


8,000 


^ 16,500 


22,800 


Life and Physical Scientists, 


Nec 1,613 


3,600 


.4i900 


Scientists, Tbtal 


^' 39,700 


/' 61,000 


82,800 


GRAND TOTAL 


141,000 


229,500 


307,500 



demand through 1985 for scientists 
and engineers, in selected energy 

- o 

related industries. The author, 



en|ployment of engineers in these 



82,800 industries to be 101,300 or about 



' Source: National Planning Association. 



By 1985, Gutmanis projects an 
increase of 122% to 224,700 



engineers in these energy-related industries (Table 19). Making ^ough est,imates of 

supply a\ 840,300 in 1970, increasing by roughly-3U000 new graduates and 2,000 'immigrant 

engineers per year- minus 1.^5% per yeaf attrition through 1985, the , engineering mrkf 

force in 1985 might be'about 1,109,400. The energy-related engineer requirement of 

224,700 in 198&-wuld thus represent 20%^ of the tot^jppngineering workforce in that 

year, compared to 12% in 1970. Qr. Gutmanis estimates that more than 30% of the 

* 

engineer supply will be needed in these industries by 1985, 

' - ^ 'M. ' , , ^ ' ^ 

A much mbr;e conservative estimate of increased manpower demand for energy 

activities comes from a report by an Energy Task Force of the (National Academy of 

Engineering which estimates a need for 30,000 additional engineers by ,1985 to eliminate 

or substantially r6di|ce energy imports pver the' coming>dec^de,- 
* ' ' « • -.J 
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For scientists, principally chemists, physicists and geosqientists , the NSF- 
sponsored report by the j^tional Planning Association says that manpower demand would 
rise^from 39,700 in 1970 to' 82,800 in 1985 - an increase' of 108%. Assuming a continuing 
drop in the number of physical science graduate§.for a few more years, followed by a 
steady state throu^ 1980 'and a slight rise thereafter as projected by the National 
Center for Education Statistics , the proportion of the scientific workforce required 
in these energy-related industries also will rise.' Gutmanis estimates that by 1985, 
about one third of all physical science graduates would be required in seven energy^ 
related industries, compared tQ about 15% of the total so employed in 1970. This • 
study also stresses the need for experienced scientists anid engineers in these areas,'. • 
as well as the need for persons with training beyond the bachelor's degree. 
^ ' : ^ ; . In a study made a 



/ TABLE 20 
ESTIMATED EMPLOYMENTJN SIX ENERGY-RELATED 



9 

Prof^sional /Technical 
Kindred Workers 

(Eogineers) 
Crafts and Kindred 
Operatives - 
Laborers 

Sales/Clerical/Service 


•k-k 

1970 


*** 

1980 


Change 
Number * , % - 


- 457,203 
(r24,856) 
744,332 
.422,170 
243,007 
352,143 


761 ,000 
(252,000) 
f, 385 ,000 
715,000 
487,500 
663,000 


303,797 69 
(127 ,144y(102: 
'64.^,668 86 
29*2,830 69 
244,493 101 
310,857 88 


TOTAL 


12,212.855 


14,011 ,505 


1 ,Z98,645 81 

m — 7i — F": 



Turbines;. Crude Petroleum Natural Gas Extraction; 

PeM-oleum' Refining; Electric Utilities; Coa> Mining 
**From 1970 Census - , 

^**FEO Intermediate Scenario for Project Independence 

Scarce: U>$> Department of Labor ^ 



few months earlier by the 
Manpower Administration of 
the Labor 'Department^ \ the 
Secretary of Labdr, ^reporting 
on the impact of energy 
shortages .including fuel 
ration'ing upon manpower needs, 
discusses the impact of current 
employment and provides pro- 
\ jections from 1970 to 1980 in 
s7^ri)o s i t i V e 1 y- a f f ec ted 



industries: general contractors (except building); manufacturing of engines and turbines; 



crude petroleum and natural gas extracj^ions; petroleum refining; electric utilities a 
coal mining. As .shown, in Table 20, .this report projects an increase of 102^ in the 
. number^of engineers needed in these industriels between 1970 and 1980, wijdi the actual 
numbers Increasing from 124,856 to 252,000. * . * ^ ' 

A study done^ earlier in 1974^ by the National Planning Associatidn ^ on the 



nd 
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; ' TABLE 21- 

ScJoc^cd Induvtues rf"in*oU»ilion Abjtt Trent S«« »kdMf4, , 
1970. 1080 aiid I 

_J ^ I ^ 

'/ , Protected Cmployniciil fi**quuements 

in 1980 » m 198b 



Category tn 19/0 in 



Scicntivti . co.'ira 
lotaf l{>0,fOO 



1 33.-103 



.5 


5 - 


1 * 


^ 9 

^ §^ 

w O 


0 

^ O 

0. V7 


M 

11 


0 

' ft. M 


127f.50 


143 767 


i:c.4Bi 




168 190 


'* 174 042 ' 


171 lyo 


180,7:i3 


28&BJ0 


3w,ao9 


307 6(tl 





^demand for scientists vand engineers 
for environmental pollution abatement 
found '80,400 scientists and lQp,200 
engineer^ working in pollution abate- 
ment industries in 1970.- In'1980, " 
assumiog^a middle ground scenario that 
continues present' pol icies the demand 
rises to 12^,620 .scientists and 158,190 



I NPA rsiiuiju' .'j-t vi on ivt'a)>aimi u' Ci'nsus jno c.ttnij.'o tjy ttiL Boftju •( jbur si.u.5»us engineers. By 1985, the^ same middl'e 

Source: Natitaal Planning Association -\ ^ ' . u • /.o^ 

^ ■ ^ ground ^scenario shows need for 136,480 

scientists and 171j,180 engineers (Table 21). This means that while 30% of the scientists 

were working in pollution abatement industries in 1970, that proporti.on was projected to 

r-ise to 55% in 1985. For engineers, the 12% of the 1970 workforce would ihcrease to 26% 

♦ 

by 1985, according to the NPA study. ' ^ • " 

Atcordihg to ^nese studies, for energy and pollution abatement alone, 63% of 
t / 

the scientists arid approximately 55% of the engineers would be required • The projections 
might' have been different if these studies had looked at a wider picture of demand for 
scientists and engineers, recognizing that none of these project activities' occur in a 
vacuum, but are instead^ related to all other'technological .efforts being carried out 
at, the same time, • ^'^.^ / ' • . 

These studies, -of course, make particular 'assumptions about the amount of 
, ' funding that will be applied to suctr subjects. If the C6ng?^V-'decides that federal 
resources should be allocated in smaller proportions to acti^vities such as energy and 
environmental problems that have high technological manpower Content, and instead funds 
programs that have a low science and engineering manpower component, the demand for 
scientists and engineers could be^ reduced .substantial Ty. ^ 

Current and Short Range Demar^d ' ' 

,\ There are several short-ranqe or current demand' studies, performed on a^* ^- 
continuing basis.^ Some measure demand for new graduates while others examine the job 
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market for experier^ed^'^scientists and pngieers. These twcv^rkets operate differently 
and often independently , .employing difflrent^ recruitment methodsj^-nd different 
techniques. Some companies actively recruit new science and engineering graduates 

^even as they arevlaying off older scientists* and* engineer s. There are a 'number, of 
r-easons for €his/the principal one being, that ^lifferent kinds of jobs are involved tin 
the two markets. New scientists or engineers are needed for entry l^el positions with 
high technrcal cprvtent, and'fpr management trainings, Openings for experier^ced engineers' 
and scientists usually are much more specific in term's of job requirements, particularly 

^ on the technical side. Older scientists and engineers sought for managefnent positions 
may b)e required to^have extensive experience in a'part^ular industry or product' aroa . 
Additional factors that'enter the job hiring picture are the relative differences in . 
cost of employing new graduates versus those with several years of experience;* and the 
malleability of the younrger persons, not^only in terms of techr>i'^l work placement but 
aiso in an easier ability to make geographic shifts. Thus, the job market for new • 
graduates is often out of phase wi,th' that for experienced scientists an4 engineers, 
provia.ing a continuing problem of career instability, particularly for the older 

" engineer, which adds to th§ difficulty of attracting young people into the f?t|ld, vThis. 

phenomenon is relatively new in the sciences, but,t|ie unemployment problem^ of 'older 

/ 

physicists and dhemists over the past few y^ars have had an obvious impact on career 
. choice's of young people which show up in falling enrol Imerits in the* physical sciences 
at a time of ;generally rising enrollments. ' , ' 

. Demand for New Graduates ' - • ' ^ 

Defrtand'for new graduates ^is measured principally by two ongoing sur\jpy5 - one 

^ . \ • ' ' 

done' quarterly (and summarized annually by recruitment yeSr) by the College Placement 

Council (CPC);,and one conducted annual^ly by Fran1< Endicott of Northwestern tiniversity. 

Tte CPC survey .is in jwo parts. -The first measfures actual job offers ify ^ 

' business and lildustry to new graduates including median salary off ers , by ,de,gj^ee 'level • 

The other CPC ^urve^^^conducted each December, covers positions that at^e expected to be 



available over the coming year in business, irtdustr*y, government, and nonprofit and 



educatiopal institution^^, except for teaching positions. This suryey examines potential 
job opportunities in four broad discipline' categories at all' degree levels: engineering 

science-math-other technical; business ; a;id^pther fioh-tectinice^l . \f ' ♦ , ' 

- 13 r 

The December 1976 Survey finds that openings antitiipated by more ^han 500 ^ 

. ^ I. * * i"^ * 

employers indicate they expect to hire 24%^more' .engineers in ^he^ 1976-77 recruiting 

^ ' \ ' r ' . ^ • ^ * - 

season than in 1 975-76. The "scijjnces/math/other -technical " 'category shows an'^ indicated 

\Z% gain'', with^ prospects for Ph.D. candidates in those fields up 19%. Hiring patterns 
in 1975-76 and those anticipated for 1 976-77 -are shdwn. in Table 22*- . . 

^ , TA5LE 22 ' ■ ■ r ^ 

NUMBER OF ;H IRES AND PERCENTAGE CHANGE BY CURRICDLAR GROUPINGS 'AND DEGREE LEVEL'S 
• ~. ' (1976-77 Anticipated; 1975-76 Actual ) " ' , 

, DecemELer 1976 ' 





Bachelor's 
1976-77 1975-76 


Master's 
1^76777 1975-76 


\ Ph.D/s 
■lS76-77^ 1975-76 


Total— Gurri'Cul urn 
19Ze-77 1975-76 


Engineering 


17,889 14,484 
+24% 


2,840 ' 2,-223'- 
+28% 


- /X! ■ 

. .583 479 • 

+22%: 


21,371 17,229 
■ . +24% . ° 


Sciences , Hath. , 
& Other Tec^i. 


. 8,645 7,737 
. +12%* 


1 ,382 1 ,210- 
■ - +14% 


785 66a> 
+19% 


1-0,839 9,620 
' +13%- .' 


Business 


^20,199 19,207 
+. 5% 


5,062 4,342- 
+17% 


32 20 
■ .** 


25,358 -^23,622 ^ 
+ 7%- 


Other ' 
Non-T^chnigal 


17,568 16,639 
+ 6% 


1,208 , 683 

+77%. . ' 


57 . ■ 53 
+ fi% . ' 


'18,835- "17,,408 
+ 8% 


Unclassified as . 
to Curriculum 


3,484 .3,669 

n 5% 


113' 85^. • 
+33% 


60 • 101 ■ 

. ^ -41% ■ r 


, 4,3^ 4,485 

3% 


Total 
Decree ^ 


67,78E^ 61,736 

■ tio^ 


10,605 »8,545^ . 
+24% 


1,51.7 n;313 
• +16% ' 


80,767 72,364* 
' +12% 



* Final totals represelff^ data reported by 616 companies' and j'nclude tliose ^uncla^ifie^d by 
" degree. . , ^ ' ' . \ 

** Percentages not meaningful because of.^small voliurte, 



Source: ColVeqe Placement Council 



.5^14 



The 1976 Endicott Survey of 215' firms - found, that these companies expected 

' • > J.* 

to hire 16% more graduates at the bachelor, and ma^ster levels than ir^ 1975776, with 

demand for graduates in engj^neering up 29%. , Startir^g salaries, one periphej;;a4 measure 

' ft, ^ * ' - 

of demand, ace expected to go up between four^and seven percent with' ejjg4«^e ring 
salaries increasing about 6.6%. At the master 's* level , engineering hires .are e)(pected 
•.A*'>^|7 ^^'^^ whi'U alj master's level h-iring will, increase 16%.within these^companie^^^ . 
[:^;;?''MBA.*s and accounting graduates show the largest -Increases. . / ' r 
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TABLE 23 



PUCEMENT SIATUS OF 
1976 ENGINEEKIHG AND lECljHOlOGir GRADUATES 

Engineering Deg. Techn'l'gy Deg. 
Bach. Mast. Dr. ' Aiso. .Bach. 



Employed, New 5&% 42% 65% 

Employed, Reluming to Job . 2 17 ' II 

iull-lirk Study 18 20__ J- 
Other Plaiis 7 10 12^ 

Considering Job Offers 3,2 1 

Seekiag Employment 14 9 8 




•^jSurce: Enoineerina Manpower Conriission 



0/ 

*o 
lOOl 

90 

801 
.701 

60 1 
'50| 

40| 

101 



PLACEMENT STATUS OF BS^ENGINEERING GRADUATES' 
• 1958-1976 

. NO OFFERS OR -PLANS 



1958 1960 1962 T964 1966 1968 1970 1972 1974 1976 
Source: Engineering Manpower Commission 

, / Fiq. 10 



The Engineering Man|>^wer Commission examines placement of new engineering 
graduates each yeaV.^^^ Table 23 sfiows the placement status of the 1976 class, and Fig. 
l^compares graduates over a long period of years eit the approximate time of graduation. 
The propor tion al ready employed iii 1975-1976 is approximately the same as in the Tatp 
1 95b'^'tirior to the Vietnam War years. - Between 1967 and*1970, an engineering jpti^^ 
usually accompanied by an -occupational deferment from the draft. The higjjer proportions 
entering graduate study bet weefv 19 65 and 1967 (when deferments for new^graduate students 
ended) also can be attributed to the conditions .of" the Vietnam ^ra, 

^ ' The drop in* the number stiU considertfig Job offers at the time of graduation 

corroborates other evidence that new graduates are tending to take offers when they are 
made, so that fewer offers neeci .to be made in ordpr to fill an-.opening. Among those 
with no offers are other plans. in 1976^,.ar6out 6% wece not s^ing employment,^ *Nonethe- 
less, almost 14% of the'Hotal wh^s^^tatus" was l^nown listed themselves as looking, for a 

'job ^ the highest proportiprf of- any graduating class in the years sincfe 1958 when this 

: ■ y^'- ■ ■ ' ^ - " 

survey began." S.ince t-heJ975 a"nd 1976 classes aolso were the smallest in many years, 
the jab outlook ^or the larger .classes that will be graduating over the next few years 
will be cause for^ concern if *the national economy continues to stagnate. 

Witmn the individual engineering disciplines, t)iQre,.v/as wide variation. 
Amon|' petroleum engtneers, only one pereerit had no offers or plans at the time of 
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graduation compared to 35X of the arcljitecturaV engineers , 22% of the civil, 21% of the 
jUiclear, 18% of the mechanical and 15X of the el^SctrUal and industrial engineers'. — 
Categories showing the -smallest proportion of the class without offers, in addition to ' 
the petroleum group, wer^e mining and geological engineers, chemical engineers, and 
cer^niic engirreersf al 1, under 10%.^ 



• At the master's ^jevel, 9% af the group had no offers o> p/ans, ranging from 7 

of the chemical to 13% of the ciVil engir/eers. 'At the, doctoral'-level , only the . 

mechanical engineers showed major , problems with 1B% haviag no o/fers or plans compared 

to S% of the tot^l. • V " . , * 

^ It would appear, th.at most of the new graduates were absorbed into the job 

market by the end of the summer. The'Bureau of Labor Statistics sh6wed an overall 

unemploj^ment rate for en^ineers^^of only 1.35^ for the. second quarter and 1.5% for the 
« # . — • i, « 

third quarter of ]^f6'. This j)roportion is less than half that which occurred in most ' 

recen t J Recession However, some of these 1976 graduates may have found worlc in non- 

engineering jobs. * . • ^ . 

ft * ' ♦ ' ^ 

Bacihelor of technology graduates in 1976«were in stronger demandf both 1n 

relation to the J975 class and to the engin^erfrTg graduates of 1976 since only 10% of 

the bachejpr of technology graduates were still seeking employment at the end of^the 

school' y&at.. (Table 23)j ~ ' J< • 



"^mparable informatioii on 'pla^cement of new graduates in other, fields Ts^not 
'avcitlable. However, in spite o'f problems encountered by new engineering graduates in 
'locating jbbs, this group apparently had far better employment prospects than graduates 
inmost other^ occjupational groups^ Salary information, one indicator of demand, shows 
that engineers continued to t^Vfl 'bachelor degree graduates in terfnsjof beginning 
salary levels and .were about equal it the master'? and doctoral levels to th^ busines-s 
and science-lFields. Chemicarl engineers, headed; d'11 salary groups at both the master and 
doctoral levels. ' \ ^ ' ^ * 

The diitrfbution of. offer's by curriculum group from the Col lege. Placement 
CounciHdata^for 1976 is shown [in Table 24. These figures indicate that-^the problem 



TAfeLE 24' 



C0UE6EGRADUAnsAND 
m OFFERS BY CURRICUIUH GROUP 
1975^76 SCHOOL YEAR 

Degree level 



9 * 


K 


»-^— 




Cafe^OfY 


% Degrees^ 




% Ofiers 


% Degrees 


% Oilers 


tngrneering 


6 


50 


9 


. 32 


Science & Math. 


14 


8 


14 


8' 


Business 


/' 18 


33 


20 


57 • 


Hum. & Soc. Sci. 


62 


8 


58 


. 3 



^Sdurce: % Degrees derired from Projections of Educational Statistics 
to 1984 85, NatioQil Center for Education Statistics % Offers derived 
from College Placement Councit, Inc. Salary Survey, Final" Report, Jpty 
1976. Comp»rable salary data for PliDs not available. 



TABLE 25 

Educational status of th% labor for^« and Di« 
itn#fnpioyed» by mx and rac«« March 1975 



* y«tfre ot Khool complattd tnd 
« ? labor forc« itttui ^ 



Total, 
16 

yura 
and 
over 



^ — 

CIVIHAW IA80H FORCE 

* ToUl 

CiMMtary teho«( than S yaars > 

Syaa^s.s. 
H«feteteol> 1 toayaan ..... 

4y«afs., 

Miac*' * lto3yaats 

^ 4 yaats ot mota... 

4 FMf^ •f hti^ sctiMl or mora .... 
UMgMnOYtP t 





tIawMry »chM> lauthan I yaati* 

I yrt r's ...» 

Ht1l>cMol' { Ho3yeata. . ... 

^ lytara 

ItoSyaan 

4 yaars^or mora ... 

4|a«ft«f hifhichoolot RMt*. ,. ... 



lOO 0 

5 7 

6 0 
U i 
39 7 
IS 4 

\yi 

70 I 



lOOO 

7 7 
7 4 
21 9 
35 4 

n 6 
so 



Mart 



I 

Women 



too 0 

6 7 
6 6 
17 S 

36 X 
IS S 
17 3 

64''1 

>l 

lOD 0 

• 4 5 
t 4 

28 8 

37 0 
11 4 
4 9 

S3 3 



100 0 

4 1 

5 0 
17 S 
44 I 

IS 3 
13 3 

73 4 



IDd 0 

S 1 
S 9 
29 2 
42 8 
11 9 
S 0 

t 



Whtta 



100 0 

4 7 
■6 0 
16 8 
40 3 

15 8 

16 3 

72 4 



100*0 

6' 7 
7 7 
27.7 
40 2. 
12 3 
5 4 

S7 9 



Nafro 
and 
othar 
racts, 



lOO 0 
13 3 

34,7 

m 

S7 9 



lOO 0 

12 3 
6 0 

34 4 

35 9 
8 S 

2^9 

47 3 



* InfMfS parsons tipoitmf no Khool yaxrs com^utad 

l|OT(:Svmtof mdividval iltms may not tquat totals b«caui« of roundini^ 



i> qoncerned-with an econ^n^fhat cannot readily 

absorb the neV/ly available college gracfuate 

entrants, rather than a problem in placement of 

engin^rs. To maintain perspective, we should note 

that the unemployment rates for, non-graduates are 

much more of a problem, ^ - . • 

As shown in Table 25, the labor force 

in MaTcJi 1975 fncluded 16% college graduates, but 

only five percent of the uneraplo/ed population had 

four or more years^xollege , Engineers were 

befter off relative to other- graduates in terms of 

job offers than in 1974-75; wjiile' the science/math 

group had relatively fewer prospects (^able 26>. 

J Among new PhvD 's in 1975, 20.5^ were 

still "seeking em"pToyni5nt at the tirne the degree 

was awarded including 15% in physics and 

astronolny, '11% in chemistry,, T4% in the earth 

science*, 24% in mat^iematics , 21% in engineering, 

> 

12% in the biosciences, 22% in -psychology , /1 3% 

in economics, 20% irr anthropology and sociology 

' \ * • • 16 

and 21% in political science. In the humanities 

31^w^re still seeking- jobs when the degree was ; 

'received, » 



TABLE "26 . 



DIsfrihiKon of CoDege 6radua1es and tlires by'Dlscipiinarr CaMgory; 
1974 75 khool Year ^ ' 







MS 


MO 


EfiQiAcering 
, Sclence'i Hittir^ 
Bimness* 
Otitef NoA^Ttch. 


% D^rits % HkM 

54 246 
\2l 11.5 ^ 
18 7 " 26^^ 
63J 37,5 


% 0«9rHi % Him 

10.5 ^ 236 
12.8 164 

20.3 53.2 

56.4 , 6;7 


% OtgrNi % Xirts 

12.7 38i * 
32J 48.8 
*4.7 2.6 
50J lOi 

t 



Sowtt 'H 0»«rw itflvwJ fijs^ajKtJaaj at l^Daaal SUttdiei (a l»W44. NHi«aiT Ceotar farldacahaa $UlislkJo,5; Hifts Mni 
USm Wim fUitw4t\ ioMji^^ttftii »a kutamti al htfirfla^ Atliillr^ 1174-71. ^ 
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Demand for Experienced Scientists and Engineers 



Employment of experienced , scientists and' engineers is (jie'asured by the Bureau 

af Lab** Sta^tistics in its .monthly survey of 40,000 households, but theTigures are 

aggregated in^to the category "professional and technical" which ^includes many persons 

• ' <, ' ' 

who are not scientists ^and engineers. The unemployment rate for this larger'^category ' 
^ • ^ : / 

^-averaged 2.3% in 1974; 3,2% in 1975 and 3,2% through jthe first nine months of 1976^* 

Engineering emp+oyment and unemployment is calculated quarterly fro^jy this .BLS 

'survey. The quarterly unemployment rate averaged 1,3^ in the second quarter and .1 ,5% 

in the third quarter of 1976, ' ^ . ^ f ' ^ . . 

The Engineer/Scientist Demand Index maintained by th6 adve?rtising^f ijjn of* " - 

Deutsth, Shea and Evans isf.another,Jnd,icator of demand which measures classified 

advertising for scientists ^ujd^ngineers in newspaper display ads, newspaper classifild 

and technical 'Journals, The InJex has been maintained monthly since 1961 and the •\ 

- 196nba^e equals 100, (Fig, 10) ^ - h 



' . ENGINEER/SCIENTIST DEMAND INdIx (196T ^TSto) 




'61 '6^*63 *64 *6? ''66 '67 ^68 ' '69 '70^71 '72 73 74 '75 V6 ^ '77 78 
Source:- Deutsch, Shea & Evaris, Inc. \ * ' . ^ 
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After rising fairly steadily from 'JanuaryJ972 through the first half of 1974,'' 
the Index di;ppped sharply through the remainder of the year and stayed low through 1975^^ 
By micT^ear, the index agairj^rose above its baselirie, hitting a '25 month high in ^ . 



•October , 1 976/ ^ } . * • 

Academic DemancI ^ \ ^ \ . . 

The-number of scientists and engineer.s erijployed full time by universities and 
colleges was 230,500 in January 1976, according to the National Science Foundation. 
Following near'-zero growth over the previous six years', the total of a.11 .scientists and 
engineers employed at universities and colleges rose 3% in 1976 to 289,200, with 58,700 
- being part-time employees. The part-time employees grew S% and the-full-time employees 

^3% -over* 1975 wi tli^increases ranging from nearly 1% in the social and' Environmental 

^ • ' ' 17 

sciences' to U in the life sciences and engineering. , - - , 



The distribution by. field and sex of full-time s^cjentists and engineers is 

' ' ^ 18 • ' ' • 

shown for^January of 1974^:^76 in Table 27, • 



, ' TABLE 27 

^ FULi-TIME SCIENTISTS AND ENGTREERS~EMPL0YED IN UNIVERSITIES AND 
' ^COLLEGES, BY FIELD OF EMPLOYMENT AND SEX: JANUARY 1974-76~ 



Field of Mploynent 



1974 



Total 



Engineers (Total) » 

Aeronautical h astronaatlcal 

engineers » 

ChenlcaT engineers 

Civil engineers 

Elefctrlcal engineers 

Kechanical engineers 

Other engineers 



Phyflcal scientists (Total) .'. 

Chemists .^..-^t^.*.. 

Earth scientists • 

physicists •.. 

Other physical scientists .. 

Kathecaatlcal scientists ^(Total 



Life -scientists (Jotal) .. 
Agricultural scientists 
Biological scientists 
Kedical scientists. 



Pgychologlfts (Total) 

Social scientists (Total) 
Ecat)OttlBts 

. Socioloeists 

^Political scientists 

Othet social scientists 



218,863 



22,766 



U02J 
1.522 
3,759 
5.604 
^,255 
6.801 



33,412 



U,075 
6.563 
10.870. 
l.$04 



22.157 



88,900 



- MEN 



186,601 



22,625 



1.001 
1.50O 
3,698 
5,367 
6.222 
6.657 



31,166 



12,690 
•6,236 
K>0,475 
'^1,745 



19,335 
^0,846 



12,781 11,320 
31,539 25,806 
46,580 ^33»720 



16,957 
36,653 



9,830 
10.068 
8,396 
8,379 



11,769 



30,882 
9,042 
7,672 
7.533 
6.635 



..^^>5 



WOMEN 



32,662 



339' 



22 
22 
61 
57 
33 
164 



2.266 



1,385 
327 
395 
159 



2,622 



18,056 



1,661 
5,735 
10.860 



3*M 
5,771 



788 
2,376 
863 
"1,766 



TOTAL 



226. 786jloO. 6 *^1 | 36,133 



22,579 



946 
1.603 
3,830 
5,396 
6»35S 
6.653 



33,679 



13,826 
6\789 

10,941 
1.923 



22, 3W 
92,006 



? 2,2 10 



^J9 
V578 
3,769 
5:337 
4*325 
6,282 



369 



31,158 



12,395 
6,669 

10,556 
1,760 



19,667 



73,667 



13,613 
33,690 
46,901 



15^995 
38,335 



10.190 
10(765 
8,692 
8,688 



1/ Includes data for ata>oapherlc scientists and'-oceanograph 



11,817 
27,116 
36,516 ^ 



12,607 
31,962. 



9,.327 
8,129^ 
^,796 
6,7ia' 



25 
25 
61 
57 
30 
171 



2,321 



1,431 
320 
387 
183 



'2,925 
18,557 



1.796 
6,374 
16.387 



, ; 3,588 
6,373 



2.m 

896 
1,978* 



1976 



22,799_ 



963 
1,622 
4, '008 
5,393 
6,351 
6.662 



34,462 



16.172/ 
7,260>. 
10J3A7 



23,081 
92,589* 



U,963 
36,766 
46,882 



16,758 
66,«70 



9,027 
10,046 



^6,610 4 



935 
,5Q5 
,925 
,319 
,506 
,282 



31,962 



12,651 
6,881 

10,665 
1,945 



19,988 



73,910 



11,566 
27,757 
36,607 



12,78! 
33,637 



9,658 
8,672 
7,999^ 
7,708 



WOMEN 



?5.929 



667- 



28 
37 
83 
76 
65 
180 



2,500 



1,521 

, 379 
6b2 
198 



3,093 



18,679 



1,617 
6,987 
10,275 



3,977 
^,233 



, 952 
2,917 
1.0^8 
2.336 



SOURCE ! NATTOHAL SCIENCE FOUKDATION 



The number of womeiT'^ippl oyed full time as scientists ancj engineers reached^- 
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'35^900~^»iTi January of, 1976, but women still make up only 16% of the full-time scientist 
and engineer total in ^cadefnic institutions. 



The National Science Foundation foreoas.ts a probable science and engineering 

facultylevel of about '230,000 by 1985, down 7% from 1972. In the physical sciences, a 

19 



• drop of 25% is expected. 

Demand for Scientists and Engineers i-n Researoh and Development - 

R&D spendirvg is projected by the^ National Science Foundation to^ increase 
.about 3^ -a year from 1974 thru 1985, reaching a total' of $38 billion measured in constant 
1972 dollars, the gradual decline in.lhe ratio of-^R S D expenditures to the Gross 
National Product which has been experienced since 1 964. is .expected\to continue thro.ugh 
1985 when R & D as a percent of GNP is projected to be 2,0« compared to l,Zt in 1976* 
^and 2',9%'in 1964. Industrial R & 0 spending is expected to grow at an annual average 
rate of 3.5% between 1974 and 1985.^° 

• In 1976, R & D. expenditure^ are expected to total 23.5 billion, up 8% from 
the 1975 level and, for the first time 1n t^ree years', showin^g an increase in terns of, ' 
constant dollars, assuming' a 6% inflation rate for 1976.^^ 

✓ Science and engi- ^ 



TABLE 28 



Full-time equivalent (FTEJ scientists and engineers employed in research and development. 



by sector, selected years* 

^ J til tnousaAcJs 



Sector 


j 1954 


1 1965 


1968-J 


M970 


1971 


'1972 


! 

1973 


1974 


19752* 


Total 


, 2371 


' 494 1 


5604 ; 


5^ V 


529 8 


521 9 • 


521 1 


S212 


^5 ' 


I 

Fedef 3J Government ^ 
lodCjstry'S ^ 

Universjtws and colte^es, 
Tota) 


37 7 
. 164 1 

; 2S0 


• 61 8 
' 3484 

, 534 


681 ; 

- 381 9 1 

1 

; 66 0 j 


698 
375 5 

68 5 ; 


665 
35^4 

684 


^2 
3533 

66 5 


357 4 , 
64 8 \ 


650 
3579 

667 


645 
358 0 

71 0 


Sc>€nt»sts and eng^neef s 
Graduate students^ 


20 T" 


^\ 40 4~ 
- 13 0 


49 0 j" 
170 ^ 


50 3 , 
18 2 ; 


498 
18 6 


48 9 . 
. ^7 6 


4^2 1 
16 6 t 


49 2 
175 


526 
18 4 


University associated 
FFRDC's, total \ 


50 


: n-i 


1 

. lf2 < 


n 5 ' 


n 5 


' 117. 


i 

1 

12 0 ] 


12 1 


12 8 


Sclentrsts and engineers 
Graduate Students® 


» 49 

; ! 

\ ^— 


10 7 

4^ . 


,10 7 \ 

4 1 


n 0 ^ 
5 


11 0 
5 


11 3 1 

4 ' 


117' 


11 8 
■ 3 


. /?4 
4 


Other fK>npfof»t 
institutions* ^ 


»: -53' 


. 19/4 


23 2 I 


J 

J4 3 


2k 0 


' 25 2 


24 6 




24 2 


. . 






1 f 










■ 





^Sst Innate 

includes bctf» Cf^fiiSn af«} nAtifv S'^VCP pCfSOnnrt irxi nrvJM^/s 0* 
R&O MAWiV R&D Wnf^tists VxS <f<^gin*i?rj in Q^OJT^'>t 0< 

' 0«ftm< wtfe «tifT>jTe<j at 7 OOCT n SiOO 1968 9 200 1*^*1961 
T2 000 <n 1965 t 3.000»ftl9€8 T4 000. n :969jnd 1970 T2 000 .n 1975 
!0 TgOin 1972, 8 lOO-n '973 7 600^ 1974 ; n 1975 

^te*e<Jt)YO'jpani7at»onstotne-5«ctor , 

dumber* o» FT£ gf A<}uate studenrs f^e»v»f^j ^r.o^rvj? an<j ifnQaqf^ft ^ 
R&O ' J . 

7|nclu<J^ esttmate 1o* R^^O sc»<ntjsts ?^gtnMf« <^oto>ed >« SlJTe 



neering employment in research, 
and development is, of course, 
directly tied to R & D ^ . 
funding/ R & D at univer- 
sities and other nonprofit 
institutions is projected to ; 
grow only 1% per year to $1 J - 
billion by 1985/'. 

* - The number of 'full- ^ 
tirafe equivalent scientists 
and engineers employed in 
research and development by 



Source! National 
Science Foundation 
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sector in selected years from 1954 to 1975 is sho' 

^ TABLE 29 

' R&D SCIENTISTS AND ENGINEERS IN 
PH.D. GRANTING INSTITUTIONS 
•BY FIELD, .1966-7.4 



FtekJ of science 



1966 1968 



1970 1972 



1974 
1973 (Prelim ) 



Physics 

Biologicat sciences; 
Engineering . - 

ChembUy 

iCItniq^l me<]icine . . 
Psychct^OQy 
Socialise ter^ces 
Matoematiqil sc»ences 
/ 1. 



Estimated sctenitsts ano^ engineers (as of January) 

5400 aw eisS ii^O 6.800 ^00^ 

29 500 32.700 3<800 34.000 33.400 33.600 

1 5.200 1 6.600 1 7 .200 1 7.900 1 8.000 1 8.000 

5 700 6.400 6,800.. 7 10Q 7.300 7.800 

30.200 37,000 43.200 47 .400 48.300 48. 1 00 

. 3 800 5 000 5.900 6.600 7.100 7.600 

15 700 1 9.700 22 100 24,300 24.900 25.400 

/ 6.100 7.600 8.900 9.600 ^.700 10.400 



SOURCES: Ncitional Science Foundation 
universities, by field, is shown in Table 29. 



n Table 28. • 
I, 

Approximately 530,000 ' 
scientists and engineers were 
employed in R & D activities in ' 
1975, with two-thirds woirlcing for • 
industry, about 16% employed in 
universities and colleges- and an- 
other 12% in the federal governrnent 
The number of R & D scientists in 

For all industries , 
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. , ^ TAPLE 30 . 

SCIENTISTS AND ENGINEERS IN INDUSTRIAL R&D, 1974 AND 1975 the overall ratio for & & D 



Industry* 



• Total 



Food and Vindred products . . . . ^, . . 

Tobsccomanufactgres , . ) 

Textile mill products ^ 

Apparel ... 

LurDljcf 3nd wood aroducts. except" furnitufe 
Furriiure and {/xtures ..... . 

and allied products 

Frintmg. pubttshing. i^nc ailied :ndustrte^ .... 

0^«nD<cals and alUed ;:'oduc:s 

Pevc^eum refining and extraction . . . ,v^. . .„ 

Rubber products 

Leather and leather products . . , . 

Stone, day, and Qlas^ products . . ^? 

Primi/y metals . . * . . 

F3br.ca:e<i metal products _ 

Mschi-^ery 

Electrical e<;Uipment and comrrrun teat ion .... 

Troo:po^!ation arid ordnance . - 

Pro?et3»ooal and scientifn: instruments 

Mtsoillaneou^manufdcturing trfdustrtes 

Elcc:r<c, gas. and sanitary services 

Miscellaneous business services 

Mrtcelf^ncpui services 



Source: Najt4onal Science Foundatic/i 




scientists'^and engineers per* 
1 ,000 employees was 25 in 1972, 
1973 and 1974,'"cleclining from 
26 during the period 1968-71. • 
However, there is considerable 
variation from one type of 



industry to another 
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The 



number of R & D scienti^s and 
engj^neersl.employed by "{ndustry 
in January 1974 and 1^5 is 
shown in Table 30. 

The cost per'^^&p 
scientist or engineer in industry 
rose fj^orp aji ei^verage ^3.2,70p in.y 
1-957 to $62,500^'r?-1974vwith 



Continuing inflation at rates near those 



%:ast varying by size of .cpmpany jand industry. 
Of the/middle 1970's wbuld continue * rapiU increase&Jn cost per R.& D scientist arid 



- 39 - 



•m 



engineer, thus wiping out at least some' new job opportunities that would otherwise 
ac'company'an' increase in R & D fun^ini. * 

PROJECT lOfiS OF SUPPLY/DEMAND IMBALANCES ■ r 



^ TABLE 31 

PROqECTED SUPPLY 
OF CULLLtit: GRADUATES . 
1974-85 - 
DN THOUSANDS] 



' / J • Source 


Number 


Total ^ 


13.108'' 


New college graduates 


10.834 


•Bachelor s degree recipjentj' 


9.066 


Master s degree recipients . „• . . 


1.262, 


Occtw s degree rec»pients ^. .. ; . 


IS 


first professional degree recipient? . , 


541 


Military separations 


217 


Other . ^, 


2008 . 



NOIL 0€t^il maj^ftdt 3<kJ to lotaJs Cat t^ fouodmr 

.SOURCE: Bureau of Labor Statistics 



The Bureau of Labor Statistics 
estimates that new college graduates will 
exceed available jobs requiring, their skills 
by about 950,000 by the year 1985.^^ Between 
1974 and 1985, about 13.1 million graduates 
are expected to en teja-the .labor force after-, 
receiving their degrees as shown in Table 31! 
This inc1\dQ^ 10.9 niillion new graduates:' 9.1 



million at the bachelor's level, 1.3 million - 
at the (naster*s level, 15,000 Ph. D/s not previously in the labor force at a lower degree 

7 - ^ 

levels and 541,000 persons with first professional degrees. In. addition-, more than. 2.2 

* ♦ <' - 

million college graduates who have not entered the labor forQe immediately after college 

will add to the supply^ of new graduates seeking opportunity. In this group are immi-, 

grants, delayed entrants and re-entrants, the latter two categories being composed 

principally of women. Thus, the new surpply of colMegfe graduates expected to enter the 

f ■ • • " ' 

labor force will total 13.1 million by 1985.' ^ * ' ^ 



TABLE 32 
PROJECTED JOB OPENINGS 



^3n the demand side, growth, replafcement, and' 



FOR COLLEGE GRADUATES . 
1974-85 . ; 
[INi THOUSANDS] ' * 



rising entry requirements are .expected to open up about 
12.1 million job^, of which 3.5 million will be needed 
for growth; 2.T million for higher entry requirements" and 
6,5''minion for replacement (Table 32). The difference 
between supply and demand leayes almost a million more 
college graduates than job openings. Howevep^^ gt^aduates 
are not expected to experience^ high uijemployment levels. 
The problems are more likely to center orj^iinderemployment and job dissatisfaction#as 
graduates take jobs for which a degree is- not required. 



1 • \^ 


, Number ' 


Total 

Gw.vth 

Replacement • 

^grading ^ 


12.100 
2.100 • 



SOURCE: • Bureau of Labor 
Statistics 
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TABLE* 33 . 



The problems of over- 
supply, are not, ^universal iris^alT 



COMPARISON OF ANNUAL GRADUATES AND ANNUAL OPENINGS , ^. _ ^. i u • i a 
: 1974-1985 fields (Table 33). technical ajid 

managerial areas are expected to 





ANNUAL GRADUATES 


ANNUAL 
OPENINGS 


BS/BA 


Advanced 


EnglTieerS' • . 


'5.6,700 


20,000' 


^3,000 


• Geologi sts 


4,054 ■ 


- 1,168 


- 1,900 . 


Geophysi cists 


84 


103 


650 


Meteorologists-;* 


294 


249 


200 L 


Oceanographers, 


237 ■■ 


269 ' 


" ,100 


Life Scientists 


68,400 


15,430 


16,400 


Foresters 


2,480-. 


• 551 _ 


950 


Range Manager's 


163 


62 


150 ■ 


Mathematicians 


19,205 


5,871 


1,550 


Statisti cians 


257 


600^' 


1 ,450 


Chemists" 


10,064 


3,583 , 


10,000 


Astronomers 


152 


159 


30 


Plfysi cists 


3,625 


2,308 


3,000 


Anthropologists 


8,396. 


1 ,940 


. 250^ , 


Economf sts 


13,972 


2,932 


4,700 


Geographers 


5,202 


1 ,069 


650 


Pol . Scientists 


32,760- = 


3,420 


600 


Psychologists 


69,045 


11 ,698 


5,200 


Sociologists 


,37,150 


3,675 


750 . 


E/S Technicians 


42,408* 




32,000 , 



ha<r^ higher growth rates, and a 
balance or shortage of new graduates 
with jobs is expected in engineering, 
chemistry, geophysics and stcitislfics 
since a significant fraction of 
graduates do not enter the field of 
their major. Large surpluses are 
forecast in fhe life and social ^ 
J sciences, with smaller surpluses in . 
mathematics and physics'. Humanities 
graduates ,are expected to exceed job 
openings by larg^ margins. 



SOURCE: Bureau of Labor .Statistics. 

This BLS study does not differentiate among degree levels in its projections 



af "surl^luses or shortages. _ However, it does provide modified data from another receipt- 

" ' • ► • * 26* " ' ' ' ' 

BLS study of the job situation for^doctoVal scientists and engineer's to 1985, and 

these data can be* compared with a similar study made by the National ^Science Foundation 
for th^" same period, * , < . - • 

According to the BLS "Study (Table'34)*, about ?49,000 science 'and. engineering 
doctorates were in the labor force in 1974, and' that .number will increase to 4T5,O0O^by 

. f!985. The number of expected science and engineering, jobs that will require doctoral 
training, however",, is orlly 339,200 in 1985, leaving a Surplus of 76 ,000* science and 
engineering -doctorates, or 181 of the total unable to find jobs in their fieldst'that 

^ are commensurate with their train^ing, ^ ^ . / < 

Some areas will have less surplus than others. Engineering shows an actual * 
deficit, and chemistry shows only an 8% surplus compared to 25% in the 1 if consciences 
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and 28,% in psychology and the^ social sciejices. ' 



TABLE 34 . 

' DOCTORATE SUPPLY IN 1974 AND 1985. AND DEMAND IN 1985 



> 


FIELD 


<1974 
SUPPLY 


1985 
SUPPLY 


1985 
DEMAND 


V 

SURPLUS 


PERCENT 
SURPLUS 




Physical Sciences 


.68,500 ■ 


50 ,.400 


86,500 


4,200 • 


4.6 




Xhemis'try , ,. , 


» [3 7, 700] 


[47,100] 


' [43,300]^ 


[3,800] 


[8.1] 




Phys i cs 


■'[24,700] 


[31 ,400]^ 


f [25,900] 


, [5,500] -■ 


[17.5]" 




Engineering 


. .35,000 


54,500 


55,700 


- 1 ,200 


- 2.2 




^Mathematics , ^ 


• 14,000 


23,200 


16,600 


V6,500 


28. 0' 




Life Sciences 


60,000 


104,8pO 


78, .900 


25,900 . 


24.7 


• • 


Social Sciences 


.71 ,600 


■ 142,100 


101 ,600 


,40,400 ■ 


28.4 




Psj/chology 


[25,300] 


[56,700] 


[46,200] 


[10,600] 


- [18.7] 




Science/Enq. , Total 


- 249,100 


415,000 


339,100 


■ 75,810 


18.3 




bource-: bureau or uaoor itatist.ics - . • ? 

TABLE 35 

DOCTORATE SUPPLY IN 1972 AND 1985, AND DEMAND IN 1985 




• 4 

FIELD 


1972 
SUPPLY 


1985 
SUPPLY 


1985 
DEMAND 


SURPLUS 


PERCENT. 
SURPLUS 




Physical Sciences 


' 65,300 


■ 85 ,200 


76,000 


9i200 • 


• 10.8 




Engineerin'g 


.. 34,000 , 


63,300 ' 


45,000 


18,300 


■28.9 




Mathematics l 


■- T2,900 


21,600 


16,000 


5,600 


. , 25.9 




Life Sciences 


56,700 


92,100 


, 85,000 


7,100 


7.7 




Social Sciences 


52,500. 


12,700 


7'1,000 


41,700 


37.0 




Total, S/E Fields 


221,400 


374^,900 


293,000 < 


81 ,900 


' 21.8 



SOURCE:,.' Nati'onal Science Founjdation 
J NOTE: 'DetiiU^may not add to totals due to rounding/ i. ^ . 

I- The NSF study of doctorate supply and utiliiation^^ uses 1972 as a base year, 

estimating new supply and utilization ^patterns to 1985 (Table 35). The two studies 
in general agreement oh 'the available supply in 1985, with th^ BLS estimates totalling 
about 10% aBbve those-of NSF. The^eiS estimates of dem^^nd ar*e about 15% higher than* 
the NSF estinfetgs, thus showing slightly less surplus by 1985. The two studies differ 
substantially in. estimates of imbalance in- engineering and in the life sciences. Some 
of the .difference is in the 'projected migratton'/attritioo-' factpr (Table 36)". 
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TABIfE 36 ' 

■ NET INCREASE IN^ SCIEKtX^iNrrTNGINEERING DOCTORATES. 

1972-85; BY FIELD - , 





NATLOffAL SCI'ENCE 


-OUNDATION 


. BUREAU 0 


F LABOR STA" 


riSTICS 


FIELD 


New Ph.D's 
' <1 972-84 


I^igration 
Attrition* 


Net^ilner . 
1972-85 


New Entrants 
.1974-85 


Migration 
Attrition 


'Net Incr. 
1974-85 


Physical Sciences 

Engineering - , 

Mathematics 
.- 

Life Sciences 
Social Sciences ■ 
TOTAL • " • 


- ■• 39,800 ' 
40,300 
13,300 
62 ,400 
83,900 ' 
^239,700 


(1,9,900)' 
('11,000) 
(4,600) 
(27,00.0) 
123,700) 
(86,200) 


19,900 
29,300 
8,700 
35 ,,400 
60 ,200 
.153,500 


38,300 
29,100- 
12,400 
59,500 

.,,88,800 
• 228,100 


(16,400) 
(9,600j 
,(3,200) 
(14,700) 
j(18,_300)' 
(62,200) . 


21,900 
12,300 
9,200. 
44,800 
, 70,500 
165,900 



SOURCE: National Science Foundatioja, NSF 75-301 , p. J6., Bureau of Labor Statistics, 
'bLS Bulletin, 1918, p. -21, « 



The NSF "probable" model assigns double weight to the^ trends of the past five 

V ' w 28 " 

years^. while the BLS mddel. uses/ the most recent degree projections 'of NCES"^ to 1985 and 

/ ' • ' ' '>v ■ ' ^ ' 

assumes continuation of the Ph. D. .pattern of use releftive to otMr workers and to the 
proportion of persons obtaining doctoral degrees. The NSF' projections were made i,n 1975 
and the BLS projections. in 1976. . . 

Despite some disparities in the*numbers, however , .these projections have >n 
common one major finding - ^hat is that over .the next decade, the number of persons 
trained to the doctorate level will exceed-significantly the numt)er of job, openings- 
Vequiring training to 'that level. Not only do the persons in this group represent a 
valuable national' resource which"shou1d not be wasted, but the cost of doctoral.training 
if .such training is not to be. utilized, should be considered. AgaiQ^, this population 

is not expected to vemdi% unemployed. There may, however, be significant under-emplo'y- 

> -> 

ment with concomitant job dissatisfaction. ^ ■ s 

^ ' To some degree, these pro^ctions themselves will change the result on the 
-supply side, since relatively fewer young people may^ecide to pursue a Ph,p^, in, the 
I'ight of projected imbalances. 

- The National Academy pf Sciences'estlm^tes that* there wer^e ^7J,400 doctoral • 
"scientists and engineers in the United States in 1975, of whom 265,000 were ir> 
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the labor force. Of these, 2,500 or one percent were involuntarily unemployed. 

Among those employed, nearly three fifths'' (57.7%) were in educational institutions' 

an* more* than a third (36.8%) listed teaching as their primary act|yity*^(Tables 37^. 

and 38). * . ' ^^ 

TABLE 37 . * 



Type of Employer by Field of Umploymoiit for Full-Tim6 and Pan-Time 
Employed Doctoral Scicnnsts and Engifteers Excluding Postdociorai*Appoiniees».l975 

A. Individuals Receiving Doctorrftes D\it\n^J^30'\91A 



1975 i:mf>k)ycr 


All 










- Held 


af -Lmploynienr 


















/ 










No 






Math 


Phys 


Chem 


, J^rvh . 


/ Engr 


Bic|sc 


Psyc*\ . 


SocSc 


Nonsc^ 


Report 


Employed Population N 


-k 

254.643 


16.682 


16,866 


31.582 


11,863 


41.398 


60,4 1 5 


28,531 


— 

31,056 


12,894 


3,356' 


Educational Institution^ 


- 57 1% 


78,7% 


6J,0% 


38.3% 


-J — 
48.7% 


34..7yc 


'66.7% 


58:2% 


81.5% 


• 57.6% 


46.7% 


I'edcral Covv|nnient 


/ ' 8.3 


?2 


12.4 


5.2 ' 


19.1 


8.9 


11.1 


4 2 


6.3 


' 5.2 


4 2 


Stale/Local Gov't 


I 7 


.2 


• 


6 


3.7 




2.1 


3' 9 


2.2 


. 24 - 




Hospital/Clinic > 


2.8 


.1 




1.0 


' ..0 


* 


3.1 


16.2 


1 


.5 


2.5 


Other Non-profit 
























Organization 


34 


1.4 


4.4 


2.4 


4.2 


29 




3.2 


50 


6.0 


79 ' 


Business/Industry 


25 9 " 


14.4* 


21.7 


525 


24.2 


5;.6 


,M.l 


14 \ 


48 


28 1 


29.8- 


Other/No Rej>ort 


2 


* 


.0 


* 


.0 




* -I 


X 


A 


2 





Source*. National A*cademy of Sciences ^ ^ • 

^TARLE 38 

Pnniary Work Aclivity by Field ol hmploymcnt for Full-Time and Part-Time . 
Employed Doctoral Scientists and Engineers Excluding Postdoctoral A'ppointces. 1975. 

A. Individuals Receiving Doctorates DuntTg 1930-1974 



1975 Primary 
Work AciiyUy 



Ail 
Ticlds 



.Field of Erpploymcnt 



Math 



Phys Chem I'arth' linjgr 



fiiosc'tf Psych SocSc Nonsc 

^ ^ 



V No 
Report 



Hinployt'd Populalion N 


^4.643 


16,682 


16.866 


.11.582 


11,863 


41.398 


60,415 


28,531 


31,056 


12,894 


3.356- 


Teaching 


36.8% 


6C.77e 


34.9':£> 


26.0% 


29.6% 


22.3%, 


33 9% 


.38 1% 


63.6% 


31 \% 


22 1% 


Research »« 


•25.8 


17.3 


43.9 


34.7 


35 6 


23.1 


37.5 


10.1 


13.2 


5 5 


10.9 


Administration of: ^ 


* 














8.^ 








• -Re^tfarch/Dcii cj^priyjnl 


14 5 


64 . 


11.6 ' 


22 1 


16.5 


22.7 • 


13.0 


8.0 


16.0 


14.8 


-Otlten 


63 


4.0 ' 


1 8 




66 


6.4 


4.0 


8.3 


6.6 


24 9 




Con^ijIting^ProT Services 


62 




9 " 


• 1.5 


4.6 


4.2 


4.3 


29.8 


2.0 


5 3 




Dcsign/Dcviilopiiicnl 




67 


3.5 % 


AA 


1.5 


16 7 


.1 1 


.7 


.5 


K9 


1.4 


f^cpprl/Markctiru:/ 


1.9 


•5 


.7 


3.1 


1:7 


1.8 


1.7 


.5 


1.7 


5.7 


7.4 


► Prcduction/liispcclion 
























Other/No Report ^ 


^.0 . 


2.1 * 


2.6 


- 2:6 


^4.0 


^^2.8" 


45 


.3.1 


4.3 - 


9.3 


25.2 


Source: ^National 


Academy of 


Sciences 
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The proportion of each group principally employed in teciching varies 

from 22% of the engineers and 30% ^of the physical scientists. to ^6)% of the 

" \ ^ ' ' ^ 
irat^eretical scientists and 64% of the. social scier^tists. 

^ Because of the changing size of the group of persons of college age, the 
education sector is no^longer expanding at rates sutfici^nt to utilize even th? 



proportfon^-Q.f. doctoral' scientists that fourfd academic 'empjoyment in the^past, Redtlced 
employment 'Opportunities in academic settings ran be expected to hit'hardest in those 
-areas of science whera half or more of the wor^^ force traditionally has found academic 
employment - namely 'in the mathematical and sociaJ sciences, and in the liffe science^. ^ 
About one fourtl;i of doctoral'^.sxientists and engineers, are engaged in 
research, with another 14.5% employed in the jBanaqement of R & D. This is the 



sector where-'some growth may be contemplated 

Scientists aiid engineers employed at universities , 
and colleges by primary type of activity: January 19^76 
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In 1976, the number of academic _ , 
scientists arid 'engineers employ.ed primarily in 
R&D activiti^^s increased *two -peVcent from 1975, 
to 51,000. , However, less than 18% of academic . 
scienti s^ts ^nd engineers. are primarily engaged in 
R & D in 1976, 'and during the, longer period 1965- 
76, NSF found evidence of a , significant shift 
toward teaching .(Fjg . 12). Academic scientists 
and engineers include some persons below the 



doctorate level . 
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1965 " '-67 



*73 ,74 '^7^ 76 



SOURCE Natrofl»rScienceFoundslton 

Fig. n 



The 1976 budget for federal R &' D 

\ 

obligations was up 15% from 1975, reflecting for 
, ' t'hfe first time in five years a real dollar gain in R & D actifvities funded by the 
federal government.^ funding, or course, means jobs. The number of scientists a^l^ ^ 
engineers employed in industrial R.& a-m-Jafiua:ry-l;9)?5'^, .Was 357,500, <j6wn a few huridrecl 
,.from a year earlj^r.v'-i9ntf*'d5v5n';nib>e^ 25,000 from. tHe pea\ emgl^oyment of 1969. Al- 
thoaqtr- tfe\5sV?^f^^^ budget for R-.& D rose another 8.6%/,win coQStanrt dollars, the 
estijmafed /total for 1977 is 20% below that of 1967', l^onethel^ss , the risirjj^direction ' 
" \in R & D spending indi^tes' improvingj&piployment opportunities for sciemj^ists and 
engineers. The prdljections we have examined, however, .indicate that supply is rising 



faster th^aji demand.' 
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SUMMARY AND CONCLUSIONS ' , j " . ,. 

Some trends in scientific and engineering ni^npower, -supply and demand seem 

fairly sure^The supoly of new scientists and engineers appears to ^have cayght up with^ 

and in some instances 'exceeded the number^of job opportunities requiring the level. of 

♦ 

^^raining being acTiieved. Nonetheless*, actual unemployment continues to be low amjd.pg '^"^ 
scientists and engineers relative to unemployment i)f other groups wit+i similafr amounts 
of education and training.' ■ ' , ' r 



Opportunities for scientists and engineers depend significantly on. the 

decisions of federal (and**'to a lesser extent^ state and local) government as. to fundipg 
* *^ 
for those kinds of activities that require large numbers -of techno1ogic£h^j-trai;ned. 

, , • , ^ ^ * -v. ^ ' 

persons. . ' ' - ' 

Congressional decisions ^fpr funding energy programs are and will 'be^i'fnportant 

in determining the demand for certain kinds of scientists and engineers; as will decisions 

regarding funding for environmental activities, food technologies, health care, and. a ^ 



host of oyi§^ national 'enterprises. ^ 



On^f the ma, jor^ reasons, why dependcible forecasts of . supply and demand are 



not cl'lwayl^^'l^ a -'peVlod of ten'years or so is tfie 'inabiTity to -forecast wh^it- 

thes6 governrftenl^l 11p^ predict the unexpected discovery . 

or happenlng-thatViJn' ch'iW|e"the^fC^ a1thoygh/we' can.' b^ quite sure that something 

unexpected will occur. ^Nonetheless, forecasts' aYe;macte,, aild'>fe' have .exaimined some of 
them because they are a. useful part of the^ inf^tJ^iw^e^ii, to make informe^l. decisions. 
One important thing i:o remember in ^^simnig^SSV^\{ixk is the di'fference 



between heed end demand. It is not dHficuLc^,o<^caVry;^uj:,>a study of manpower needs for^ 
any given objective such as energy indepefidehce, envir^&nmental cleanup, or better 

national health, provided we can state the objecti\^ a<flti set the time by. which we wish 

^ • u ' ^ ■ J' * " 

to have accomplished it. One other factor, however, m/st'lje added, if we af e ^ tf^ans- 

* - — it- ' \ * ' ^ " ' 

late manpower needs into manpower demand^ That fact^is money.' jDnly when funding is ^ 

added can' oeople he hired, no matter haw many.inay te needed. .If we »could forecast 

^ accurately the statejpf the economy o\?er the next .ten years, our manpower proyegtions 



6^1 so would be more accurate.* ^ ' ^ 

There are now, and y/ill continue to' be tor the foreseeable future some 
- imbalances in supply and demand among scientists and engineers,. At the moment, some 
segments of the engineering profession below the doctorate level show potential im- 
balance on the low side of "supply. The life aqd social sciences appear to be s^ted - 
for the larges]: over-supply, both at the doctorate and lower degree levels. The 
physical' sciences are somewhere in between, with chemistry offering more promise of 
opportunity than physics, geology. G^ffewi^ more than chemistry, barrjng unforeseen^ 
'changes in eithy^ ^su pply or demand trer^s. 

Increasingly, job opportunities will have to be sought in industry and not 
in academic settings where relatively fewer jot opportunities will be available tfran in 
• the past, eKnef in elementary or secondary education 'ar, 'in hi gher education . 

The alert scientist or engineer', iQcluding those still in school, will keep 
an eye on' the changing marketplace, bie aware wlien funds^are drying up for orte kind .of 
'activity, and enlargin>g for others, and be prepared, if necessary, to consider some 
'cross-field mobility. . ' ^ . • ^ 

Despite the gloomy prognostications wq have examined, >tne picture for 
natural scientists and ^engineers generally is. pretty good, particularly when compared 
to opportunities; for new graduates ,• and^ even . experienced ones in the humanities and in 

•some segments of the social science^. "Full employment" is' not anticipated at the 
- ^ ' - , ^ 

appropriate Jevel for alljthe scientists and eng'ineers in the country, either next year 

. - ■ — mt. - ^ 

or over the next decade. There does not appear to be much lik'elihood of large scale ^ 

unemployment eitter. 'The tragedy"", .if indeed there is any, wi.ll be^ for thos^e- individuals 

,whQ bp;e cut down on their opportunities f6r field switching by staying in too narrow a. 

channel, or py.riqt havinp kept up with developments outside a^ narrow* special ty; and for 

#hose whose vision of successful emp^loymfent ik,,,so limited that what might otherwise be 

seen as interesting options are viewed only as representing fa^Jur'e. 

.'Barring that unforesj^en de^^^pment which is b6und^to<occur , there does not 

Nlppear* to ie any forthcoming cj^isis.in sc,ience and engineering employment, either because 



^Qf shortages br surpluses, although full utilization of scienfce and enginearinf^anpowe^ ..- 

. resources doe? not look pVoba hie. Some inqividuaTs in this t6cWl.Qgical poof^^^ce 
< * • , • . ' ' — 

a crisis- of unmet expectations, and the^ nation may not be able to take fuLl advantage'^of 

. ■» » — 

Its trained scientists gand engineers, at least over the" next decade. 

* 

By about 1,990, however, significant shortages' may- again be evident in some areas 
of science and engineering because- of 'declining birth-rates and because in th^e <ight of 
projections of surplus graduates in"the 1975-85 period, significant numbers a^,yoL 




people jn the larger post-war generation may' choose not tb prepare for careers finscience 
or 'engineering. If this drop does not occur, those scientists ? engineers trained during ' 
the sevent;ies who do not find employment- in their fields of trjaining also will be lost* " 
to (he science and engineerimg workforce. A decade later when they might be needed in 
those fields, botK th §ir^ s kfUs and ^heir knowledge "base will have become obsolescent. 
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'"Employment Data for Selected Occupational Groups, 1975, by ^fex^' unpublished. 
^Expenditures and Manpower Requirements for Selected Federal Programs , -Bui letin / . 

•-185]. 1976 V " m- ^ • - : " ■ : . 

' Factfaook for Estimating the Manpower Needs of Federal Program^ , Bulletin 1832, 
19757 \ ^ ~ ^ ' ' ^ 

Impact of federal Pollution ContrPl and Abatement Expenditures on Manpower 
* . Requirements^ Bulletin 1836,^1975 ^ 

Occupatiogal. htanpower and Training Needs Bulletin 4824,-197-4 ^ _ _ . ^ ' 

OcTcypational Outlook Handbook , T^76-77, Bulletin 1875, .ia?6 . - ' " - 

Occupational. Projections, ^ncf Training DaH , B\j1 letin 1918, 197& ^ . 
. Ph.D: Manpower: Employment, Demand and Supply 1972^85 > Bulletin 1860',M975 

' "Special Labor Forc^e Report -^Educational ^Attainment, of Workers, MarcK 1975" ^ 
February 1976 ' . - , ■ f ^ . . 

A(c6^ H>c££«8oofe^ Company (Box 402, Hi ghts town,. NO 09520) ^/ , - " f 

- Radnef^;^^oyrand Leonard S. MiVler / Demaad an^d Supply in Higher ^Education,, 1976 

Hajdonol AcMmij oi Eng^emng {2'IOT c6nBtitution Ave., M.W., WashingtoR D.C. 20418> 

' u.^y.' Enerqy Prospects, An Engineering Viewpoint , 1974 . . * ; 

Netional' Acadzmy d ScLm (210^1 Constitution Ave., N.K. , Washington D.C. -20418)- ' . 
- Cotnnii.6<J}n on'Humm^R^&onAcU v ■ . ^ 

• \^ • DoctoraT Scientists and "Engineer^ the United S'tat es, 1975 >Pofi1e.. 1976 

- Qoctora-1 Scj-entis:ts .and Eng-ineefe in the,. United. S tates, 1973 Profile, 1974 - - 
. ■ * ' Efflploynfegt. Status of Ph.D.. Scientists and Engine ers: T'973 and 1975, 1976 ^ • ' , 

• ' V Field. Mobil i try of-DbctbraT 'Scientists and Engineers , 19^6 ' ■ 

I' ' ' . Personnel Needs and Training for 'Biomedical and Behavioral Research , 1976 

* Suim^ry." Report? 1975 o'octora^e Recipients from United State s Universities, 1976, . 
and previous reports .in the series ■ • ' • 

NcuUona£ BooAd oti^ (Mduale. Education {2101 Constitution Ave N.W., Washington D.J. • V 

• ' 20418) •' ^ ■ • . ^ . ^ • • ^ . . ' _ , >f 
4 -." Doctorate Manpower Forecasts' and Policy , Report No. 2, November 1973 

• ■ 'O utlook and Opportunity for Graduate Education , Report No. 6, December 1975 ; 

, • nrew. David, Science Development^ An Evaluation Study, 1975 - . ^ • 

• Natiaruil CotmUUT^n \ok ManpotceA VoUcy (1522 K St. , N,W. , SuitG^ 300. Washirigton 

D.C'. 20p05).\ ; ^ ' ^ . . ' ' . \. ' 

• Current Issuesvand^he Relationship- Between Maopo we^-i Research and Policy,. 

. (■ .Special Report^No. 7, March 1976 • • . ' ' • *N 
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National Commission for Manpower Policy ^Con'ty \* * . 

Employment Impacts of Health Policy Developments / Special Report No, 11, 
October: 1976 . ^ . / ' * 

The Quest for a National yiaryower Policy Framev/ork , Special Report N(fct 8, 

Aprif 1976 " ' . ' - ' 

Toward a National Manpower Policy - first Annual Report to the President, 
Report/No. 3, October 1975 

yaUonat^ PlanyU^ A66ocicutii)n (1606 New Hampshire Ave., N.W., Washington D.C^ 20009) 

Gutmanis, Ivars, The Demand for Scientific and Technical Manpower in Selected 
Enerqy-ReUted Industries, 1970^85: A Methodology Applied to a Selected Scenario 
J of Energy Output - A Summary , September 1974 

Terleckyj, -Nestor E\ Improvements i>o» thfe Quality of Life, '1976 • " ^ ^ 

U<vUoml Sclznc<i^o(Vid, *>^a;^ Faunda:^n, Washin^on, t>.C. 2055Qj^^ 

- , Science Indicators - 1974 , NSF 75-1, December 1975 ^ 

Science at the Bicentennial ->A iCepdrt from the Research Community , 1976 
' ^ Scientific and Technical Manpower Projections , NSB 74-286 ' 



Natlonat Sciznct foundation^ Washington D\C. 20550 

' An Analysis of Federal^ R D Funding By Functi>on, Fiscal YeaV^s 1969-- 1977 , 
NSF 7-6-325 , ^ ' ^ ^ ^ ^ » ] [ 

' Charactecisttcsr'of Doctoral Sci-entists and Engineers^ in the^^rii ted States, 1973 , 
f^SF 75-3T,2,' and Detailed Statistical Tajbles (Appendix B), NSF> 75-312'-A 

Characteristics of vthe.Natiohal Sample of Scientists and^Encjineers, 1974, Part 
I Demographic ^pd Educational ,' NSF 75-3-33 ' '* ^ ^ - ' ~ 

" * Doctoral Scientists at^d Engineers in Priva^ Industry:^ 1973' / NSF 7^302 

?Emj>loymept of Aca(^emic Scientists and Engineers Increases Thrfee Percent in ^1976," 
NSF 76-328, Dec. §,-1976 ' . . . ' ^ ' 

VEmployment of FullJTime Sci-entists and Engineers in Higher Education, January 
■ 1975/' NSf 75-331 . ' - ^ "^^ ' ^ 

"Energy Increase of 18 Percent Paces Industrial R&D Spending in 19/5," NSF ^ 
76-324, October 27, 1976- • , . . ; . , / ' * 

Gf^duate Scienqe Educat^Qn: Student Support and Postdoctot^als ,* Fall 1975, ' 

'Detai led Statistical Tables, Appendices III, and. IV , 'nsf ^6-318 

J ' — r-^ ^ ■■ .1 

"Largest Increase in »^Employment of Doctoral Scientists" and Engineers'is in 
Tndustfidl Sector: 1973-75,," NSF •76;:^26s October 28^1976 . . * 
» ^ • * • ' 

. . Manpower Resources for Scientific Activities at Universities and Colleges , 

• January isis. Detailed Statistical Tables, Appendix B , NSF'76-3Z>.1 * . 

. National Patterns of R & D Resources: F.unds rfhd Manpower in the United States- 
1953-1976 NSF 76-310. ~- ~ ~ t ^ ' [ " 

"The Nation's Science and Engineering Manpower Resources, 1974," NSF 76-312- 
June 29, 1?76 ' . ' ^ . « ' '■ • ' 



UdtionaZ Sclzncz foundation [Coyitinuzd] / ( ' ^ '9 ^ • 

Projections of Degrees and EnroHment in ^Science and Engineering Fteldi t(y^1985 , 



NSF 76-301 



^Science, arid 



"Real Increases S^en for Federal R&D Funding of Energy, Education, 
* Defense. in FY 1977^' NSF 76-319, August 19,^ 1976 • t ' _ . ^ , 

Research and Development in Industry 1974 , NSF 76-322 ^ ^ *^f5^ " 

. ; 1985 R & D Funding Projections , NSF 76-314 • ^ ^^rr' 

Sciehte Bnd Engineering Doctorate, Supply and Utilization 1980 and 1985 , NSF 75-301/' 

J972 Scientist and Engineer Population Redefined,' Vol, i. Demographic, Educational 
and Professional Characteristics , NSF 75-313 • 

l aZI Scientist and Engineer Potmlation Redefined, Volume 2, Labor Force and 
' Employment Characteristics, NSF 75-327; Detailed' Statistical Tables, Engineers, 
By ^i eld , NSF 76-306 ~ ' 

"Self-Supported Graduate Science Students Increased by 22 Percent in ]975." NSF ^ * 
76-320, September 30, 1976 " . • , ^ 

' • "Work Activities of Employed Doctoral Scientists^and'Engiheers in the U.S. Labor 
Force, July 1973," NSF 75-310, June T975 , ' I ' 

HcuUonal SocioXtj oi P^o^e44^na£ Eng-cneeA^ (2029 K Street, N,W. Washington D.C. 20006) 
^ Engineering Manpower . > A Dilemma , 1976 

Uo^UhvozbtzAn UnlKfzxbitt} (Placement Center, Northwestern University, Evanston, IL 60201) 

Endicott, Frank' Trends in Employment of College and University Graduates 
in Business and Indultry, 1976 , 30th- Annual ; Report, 1975 > \ \ 

' The E/idicQtb Report 1977. Thirty' First Annual Survey of ^- . . Business and 
Industr^l f irms Xoncerninq* EmploWnent Trends, fpr .College Graduat ed ,J976^ ^ ^ 

^ FoMow-up Study of the 1976 Bndicott Report , 1976 - ; \ ^ ' 

S<iizntlticjUanpoijovi Coimi^ion (1776 Massachusetts, Ave. ,'NjW. , Washington D.l. 20036) 

-Vetter, Betty and Eleanor Babco.. Professional Women and Minorttfes - A ^ 
Manpower Data Resource Service , June 1975 and Supplements, February 19/6 
and Octobar 1976 * * ' . . . . 

Salaries of Scientist^ /Engineers and Technicians - A Sunfiiary of Salary Surveys , 
Seventh Editipn, December 1975 

'THM^ponjtkUon.tVs.VzpoA^ 2059p).^ ' ^ ' 

^ Vetter, Betty, Sup^y/Demand Imbalances of Engineers and Scientists f or Transpor- 
... ; tatjon and other Nklonal Projects >/DOD-TST-75-73, January 1975 - 
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OTHER PUBLICATIONS OF THE-^ SCIENTIFIC MANPOWER COMMISSION J 

' ' • SCIENTIFIC, miNEERJNG^,' TECmCM ^mPOWER COMMENTS /per1*odical, lO/yr. 
• • * '$^0.00 per* year; 2 yrs., $35.00; 3 yrs., $50.00 

K , ' A monthly digest* of current developments affecting the recruitment, 

training. and utilization of scientific, engineering, and technical manpower. . 
Special sections incTlAie*current information on sUpplj' and demand, women and 
jTiinorities in.scierrce, education, pending legislation, federal agency activities, 
J ' salaries, and new publications of interest to producers^^nd users of technical 
manpower. , ' . . * , . ^ ^ - '"^ 

• PROFESSIONAt-WitM AMP .MINORITIES, A ^ionpatoeA Vata Re^au/tce SeAv^ce, June 1975, 
$40.00. Continuing update - supplement service, $25.00 per year. 

, ^ This comprehensive 320-pcige study published in 1975 for use by educa- 
^ , tional ' institutions , industry and government brought together for the first' 
• ,v'^*^ virtually all available data on manpower at professional levels with* 

; ^peci>^1 efnphji^i^s ^^wapga^and minorities in the natural and social sciences, 

^ .en'^iQiBfering, arts , _'hi^^ education' ajid the professions. 

'\* Published in loose-leaf format\/ith appropriate Subject divider tabs, 
/' the four-part reference tio,ok includes basic information on' aff irmative^action; 

manpower data in all fields frCm more than 140 sources; annotated retruitment' 
X resources; .a bibliography, and a* comprehensive cross^ incex. Approximately 400^ 
tables and charts with breakouts by sex and/or minority status provide data on 
enrollments; degrees; and on general, academic and federal workforce participa- 
tion of won\en and minorities by field and subfield. Each data resource section, . 
arranged "byvi el d,^ is supplemented with textupiT^ highlights of the data and listt 
of specialized recruitment resources for womeh and minorities in that field. 
\% ' ' ' 

A cx)\tinuing subscription service updates and supplements the statis- 
^tics as new datX become available. 19Z6 supplements were published in February 
and October, 197 



SALARIES OF s'CI£WTYsTS, E^/GI^/EERS AMV TECKWICIAWS, A SiumoAy oi SoZoalj SuAve^6, 
Seventh Edition, Detember 1975. $15.00 per copy. 

A n2-page\epor^pres,enting detailed information on start/fng and 
advanced salaries in industry, government and edlitational institutions with 
breal^outs by field,, highest degree',- sex, years since first degrees age group, 
category of empl oyinent , work activity., type of employer, geographic area, - 
academic rank, -Civil Servrce. grade and grade distribution level of i:«spon- 
sibility, with some cpmpara^ive salary data ,in non-techrp^l fields. •Includes 
both published and previously unpublished data on sa)iMnes for the period 1972- 
'^1975, with some trend' data beginning iri 1961/ 



• The seventh edition of SALARIES OF SCIEWTISTS,"EW6rA/EERS A'MP TECHWICIA^S 
' A/SumnaAy'oi SatoAy^^SuAvzy^ (December^l975," 106 +vi) Includ'es 128 tables and 11 

•charts. - - \ ^ ' 

\; ' ^ \. . ' . ' * ^ , 

: ' * ' ^r comparing data back through 1971, copies of the Fifth .(June T971 ). , 

/ y • and Sixth Editions /August 1973) are availab'|^^,'at reduced rates.' , \ 
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• > ^ TEST yOURSELF-FOR^SCIEWCE, April 1971. ^Single copy, $1.00;' 25 (ir more copies, 

50i each. ' ^ - . .. ... 

A rrovel career booklet to "test" a student *s interests i^|i various 
fields of science - chemistry, biology, i)iathematic6 , geology, physics- - and 
engineering. ^ ' - 

This 48 page program booklet guide^ students .as they search, for their , 
science career interest. Sources of additional information are included. 

^ ' • ^..SClEiiCE Amp ENGIWEERIWG careers - a BlSlIOGRAPffy, Apr^-il 1974; Single copy, 
T2.0a^■25^or more, $1.00 each. - ■ - ... • , 

•An exten^sive' bibliography of careei* guidance information in science 
and engineer^ing, with complete source address, cost, etc. It is designed to 
help young people, their parents and their guidance counselors to obtain accurate 

-,^-and up-to-date information about' careers in science and engineering, including 
details on necessary training and professional employgient opportunities. Sections 

' on additional sources for obtaining career information^ ajid a listing of sources 
of information on fin^incial aid complete this comprehensive biblio^^|gaphy. 




